SPECI FI CATI ON METHOD AND APPARATUS FOR CUTTI NG APART A GLASS SUBSTRATE,

LI QUI D CRYSTAL PANEL, AND APPARATUS FOR FABRI CATING A LIQUI D 5 CRYSTAL
PANEL Technical field The present invention relates to a nethod and an
apparatus for cutting apart a glass substrate, as used as a gl ass substrate
of a liquid crystal display el ement or the like, that has a 10
deposited-filmlayer, such as a thin filmor filmlayer, fornmed on at | east
one surface thereof. The present i nNREGCIFBCATEONt es also to a liquid crysta
panel conposed of a pair of substrate cells bonded together with Iiquid
crystal sealed in between and with polarizer plates bonded to the outer
surfaces of the substrate cells, and to an apparatus for fabricating a
plurality oMEIROD ANPUIAPPARATES FOReICUTHINGI tAPARTaAAGLASSORUBSTRAXER,r at e
that has a plurality of pairs, arranged 15 adjacent to one another, of gl ass
substrate CEIQBINURESTADIPAREL, WUND APPARATUSY FOR FABRICATING Aety@emand
that has pol arizer plates bonded to both surfaces thereof. Background art
Convent i gnatRYSTAIOPASBLSuUbstrate is generally cut apart by so-called
scribing, 20 specifically by first securing the glass substrate on a

wor kpi ece stage of a cutting machine by vacuum chucking or the |ike, then
formng a linear scratch called a scribed line, which actually is a kind of
crack (herej ferred to as a crack also), on one surface of the gl ass
substrate gga@hggtg%§of a wheel - shaped cutter having the outernpst edge

t her eof forned a p g terial. .such.as superhard allo r. di anond,
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t hereof al ong the scribed |ine. by th se.of a pressi,n ans,,., such as a
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on the qba

Sgeposited-ﬁlm layer, such as a thin film or film layer, formed on at least one surface thereof.
The present invention relates also to a liquid crystal panel composed of a pair of substrate
cells bonded together with liquid crystal sealed in between and with polarizer plates bonded to
the outer surfaces of the substrate cells, and to an apparatus for fabricating a plurality of such
liquid crystal panels by cutting apart a glass substrate that has a plurality of pairs, arranged

15 adjacent to one another, of glass substrate cells bonded together with liquid crystal sealed in

between and that has polarizer plates bonded to both surfaces thereof .

Background art
Conventionally, a glass substrate is generally cut apart by so-calledA scribing,
20 specifically by first securing the glass substrate on a workpiece stage of a cutting machine by
vacuum chucking or the like, then forming a linear scratch called a scribed line, which
actually is a kind of crack (hereinafter referred to as a crack also), on one surface of the glass
substrate by the use of a wheel-shaped cutter having the outermost edge thereof formed of a

superhard material, such as superhard alloy or diamond, and then pressing the glass substrate



substrate in the direction perpendicular to the substrate surface devel ops
until eventually the glass substrate breaks apart. 5 Today, |iquid crystal
di splay el ements and other display devices sinmlar thereto are fabricated,
with a viewto fabricating themat |ow costs, by cutting apart a

| arge-format glass substrate material, "Raving thin films, such as a
transparent electrode like an ITOfilm an insulating film an orientation
film and tfhem béhird the pppagitosurfage thereof alorg thisarided linebiothe iseef 2 préssing measshape
havi ng desired di nensi ons. Wien such a gl ass substrate having deposited-film
10 | ayers (duel & spresser rolisk,esorthad theocrank this hasheer forfriell msthalsgrded flioe me thetgiass eon
is cut apart, various problens arise that were uni magi nable in the scribing
of a convendubsingd inghadisecsini penpatdiculdrao theesubstrzkeesurface ddietogs ultdl eventnaldethesi t ed
surface results in destroying the deposited filns around the scribed |lines.
This makes difie subs@as biegks dpahtns scatter in the formof fine particles, and
may | ead to unacceptabl e product quality. Even scribing the opposite,

non-fil mydeposi tredayl Dighidr &rpi @ digsiayl Eismbdls hﬁtﬁod.ep@ﬁ;%myede&ités@n@ﬁi th&refCdrat ched
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example, scribing the film-deposited surface results in destroying the deposited films around

the scribed lines. This makes the deposited films scatter in the form of fine particles, and
may lead to unacceptable product quality. Even scribing the opposite, non-film-deposited
15 surface results in the deposited films being scratched or deformed as a result of the film-
deposited surface making contact with the stage of the cutting machine.
A solution to these inconveniences is proposed in Japanese Patent Application Laid-
Open No. H11-64834, which discloses a conventional method for scribing a large-format
glass substrate having deposited films formed thereon into strip-shaped sections having
20 desired dimensions. This method attempts to overcome the above inconveniences by
scribing the glass surface opposite to the film-deposited surface.
Now, with reference to Fig. 52, the method disclosed in Japanese Patent Application
Laid-Open No. H11-64834 will be described, mainly by quoting from its specification. A

glass substrate 101 has a deposited film 102 formed on one surface thereof. The glass



N

the surface plate 103, rectilinear openings 104 are fornmed at predeterm ned
intervals so as to permt a scribing nmeans 105 serving as a crack-formng
nmeans for formng a scribed Iline, i.e., 5 a crack, to nove along the

openi ngs 104 while scribing the bottom surface of the glass substrate 101.
A pushi ng neans 106 and a positioning nmeahs 107, each realized with an air
cylinder or the like, work together to nove the glass substrate 101 into one
pr edet er ni neubstrgged Pt Isacused; e’flgléh@ﬂmﬁlted'lﬂ%@ 19dsipi prythedemsurfags ofmsurcpplatei ng
pin 110 provided at the tip thereof, and the positioning nmeans 107 has a
posi ti oni ngl@3 serving ape ovdrkpiereastage by atmLmlltuhteatetbthucmgmepne§gcm§p Yasaurs. 1009
presses the gl ass substrate 101, from above the fil mdeposited surface

t her eof , agdiersstfadelpdate om,semiﬂiam opénitgsel 04 iard facreeditgiredelddBined irnarvilo stiad @ t he
gl ass substrate 101 in position. Next, how the nmethod works will be

descri bed. Y&t 4 Sefibing meanel @3l eivingld3d drack-fbegiag adansfopfasining@iscrived linadi.ecat ed
with dotted |lines, the glass substrate 101 is placed thereon by 15 a
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tip of the positioning neans 10/ swoops down on the surface of the surface
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traveling fron1one opening to another by being fed at the intervals at which
to formscrP

Next, how the method works will be described. When the surface plate 103 is

[13 7!

located in position “a” indicated with dotted lines, the glass substrate 101 is placed thereon by
15  a unillustrated transporting machine, and then the positioning pin 111 at the tip of the
positioning means 107 swoops down on the surface of the surface plate 103 in response to a
positioning signal from a unillustrated controlling means. Next, the pushing pin 110 at the
tip of the pushing means 106 extends so as to move the glass substrate 101 on the surface
plate 103 in the direction indicated by a horizontal arrow in the figure until the glass substrate
20 101 makes contact with the positioning pin 111. In this way, the places at which to cut apart
the glass substrate 101 are aligned with the openings 104. Next, the controlling means gives
instructions to chuck the glass substrate 101 onto the surface plate 103, then move the

pressing means 109 to the place where scribing is going to be performed and press it against

the top surface of the glass substrate 101, and then make the scribing means 105 scribe the



| ines. Thus, according to this nethod, the glass substrate 101 is scribed
frombelow the bottomsurface thereof through the openings 104 formed in
the surface plate 103, Here, the 5 force with which the glass substrate 101
is chucked onto the surface plate 103 by the chucking neans is not
sufficient to counter the scribing |oad e?‘CBrted by the scribing neans 105,
and this insufficiency needs to be conpensated for by pressing the gl ass
substrat e 10etemahifagsoifehe glass sybstateldPbsi Thedscrbing arusans heT eapeatpiseribinghwhile
pressing neans 109. The conventional nethod and apparatus for scribing

(cut ti ng- apdravylingesasm phreepeaing\vte anatberdryebeingt fed @b therimtenvialy at grhichite form scribed
cutting-apart of a glass substrate having a protective filmfornmed on a

| ar ge- f or matlingd. aFhusyrcesridag .to \tiis hmeshagl, slesglasshaibsteate 10w sugibed filombdlow rthe such
as an ITO film forned thereon, however, the use of a conmon pressing
means, such bagorh Berfaveitighiéof tixbagietiie openinddq 08 Herwed iim tHei sgrfadedlatk Q03 .C Adéit ahé NQ
the scribing load frombelowresults in the thin filmbeing destroyed by

the | oad »f fodiewnhehidhiBe geanabstaralol isldubied onty thd Qirfac@slate 100 bg ithedhubifing
liquid crystal display elenents, attenpts have been made to cut apart a
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shaped one 109 shown in Fig. 52, for countering the scribing load from below results in the

thin film being destroyed by the load of the pressing means itself.

15 For further cost reduction of liquid crystal display elements, attempts have been made
to cut apart a large-format glass material after forming films, such as a polarizer plate and a
protective sheet, thereon instead of bonding those films after the cutting-apart of the glass
substrate as conventionally practiced. It has been customary to bond polarizer plates to the
outer surfaces of an upper and a lower glass substrate in the last step of the process of

20 fabricating a liquid cr};stal cell. This, involving positioning of the films relative to the glass
substrates and requiring an extra step, hampers cost reduction

The thickness of a deposited film varies according to its type; while a thin film, such
as an ITO film, is a few pum thick or thinner, a film layer, such as a polarizer plate, is 10 um to

0.6 mm thick. With a glass substrate having such a film layer formed thereon, it is



i npossible to cut apart the substrate after scribing. On the other hand, in
the case of nmedium to small-size liquid crystal panels, in 5 particular
those with screen sizes up to about 5 inches, it has been custonary to
fabricate them by first cutting apart |arge-format glass substrates al ready
bonded together roughly into strip- shapeg._glass substrates, then processing
themin predeternined manners, as by putting and sealing liquid crystal in

bet ween, %pctstrtfeh g la#hg'geg faﬁemfﬁr?g utcistwlfg?rract g.e@fhpwlggt r@tdt@ﬁtonarﬂne'
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panel s. rence to ane rlcated
by this conventl ﬂ£ des r|bed In Flg 53, there are shown
per specti ve r@@&sﬂ@ﬁgcf U PR 8‘818\,4 Ltgte a§8n§?8 P onal i qui d cr yst al panel, with
the figure at (a omnn? (g srde her.eof and ﬁ ure gtgégéo.
showi ng the bott Hﬁ § Qhet aedp thicese ?qﬂ? jurg: (R FRp ﬂéﬁéﬂu 5EYT Yed of
a 15 pair_ of substrate el | s 551a and 551b bonded together and havin I|qU|d
crystal SeaP#dcylef thesst reepR&eSepdo 3Pous fdnchiss; i has btqaéugarﬁgyrtafaéneaér
protrudes fromone end of the other 551b, and, on the inner surface of the
protrudi ng Boffst G¥ting apaglagedomst glass wibprrsestaliesdy hosded teaetBersamehlyintgasirin
which the liquid crystal panel is driven. Mreover, on the outer surfaces
of the subsshaaedglaed substtBas, thearpdo@ssing theml larnrz@tenpinad @sanB&3 sasahydpustinkbangr e
respectively 20 bonded so as to cover the display region (not shown). Wen
the |iquid sralisg ffjuiparpstal irsbetwesi, theedurtier cusieg themaapma-forlyl iath o arckétetmihédqui d
crystal display device that achieves display by transmtting light froma
| i ght -sour ceanet kiee popraduceer plplabityesf ibdiRidud redll$ aAd tHea\bending) gbiknizee glazds to shezes
and are so arranged as to face each other with the liquid crystal cells 551a
and 551bl0 séa@divduaheetls forprodiiceve @luralitoef lighe! ceysew patelsonal met hod descri bed above
i nvol ves bondi ng pol arizer plates one by one to individual cells, resulting
in extrenely pooNokawith esérerB t€Ffgl 63, @hequiddigitalfagél fabricated by this conventional

method will be described. In Fig. 53, there are shown perspective external views of the

conventional liquid crystal panel, with the figure at (a) showing the top side thereof and the

figure at (b) showing the bottom side thereof. This liquid crystal panel 550 is composed of a

15 pair of substrate cells 551a and 551b bonded together and having liquid crystal sealed in

between. One end of one S51a of the substrate cells protrudes from one end of the other

551b, and, on the inner surface of the protruding portion 55laa are formed connection

terminals 553 by way of which the liquid crystal panel is driven. Moreover, on the outer

surfaces of the substrate cells 551a and 551b, polarizer plates 552a and 552b are respectively

20 bonded so as to cover the display region (not shown). When the liquid crystal panel is
designed for use in a so-called backlit liquid crystal display device that achieves display by
transmitting light from a light source, the polarizer plates 552a and 552b have roughly equal

sizes and are so arranged as to face each other with the liquid crystal cells 551a and 551b

sandwiched in between.



dedi cated machine is used for that purpose, the influence of static
electricity inposes a limt on the rate at which polarizer plates can be
bonded (typically, 8 to 10 seconds required per 5 polarizer plate). Thus, to
cope with demands for high yields (fabrication of as many liquid crystal
panel s as possible) on the market, a large number of polarizer plates need
to be treated concurrently on a |arge nunber of machi nes- This greatly

i I -and - i dj d [ h f
| Tquia cryetal per e o spedREREs gt tnipes spifitd PaGe Haudodedht or

exanpl e, in Japanese, Pat ent |l i cation Laid- Open ., H6-342139, which
G oel oces AHGRhBAFRN FEB: FoRERBGR TP (Por JOr R Parriene: 550 MRt
pol ari ze r gl t e having .cut H nes, narki&g}g@ere to cut apart, forned at

pr edet er ni n8gicARd RN b Peeg for DatpiipRsg 1 influsncecafstatic slestricty dnpesati2 Ifdh t he
pl astic substrate is cut apart along the cut lines to produce a plurality
of 1iquid cPy&ieaptesdich pokrizet platsg Cambe hordedtypisally, Bnte 10pwrends Fequirgd aefe j s
bonded to the substrate before the substrate is cut apart- This hel ps
great|y P5 pelaizer glaim t Fausstoeqope tith| demendshion bigh gialdse(fihwicatianzefrasphany diquithus,
it is possible to inprove fabrication efficiency wthout unduly increasing
pl ant - and- ecuystplpanels aspessiiieh gn thiEmasketes large, nulnbéreefaroarizersplathended itd banireaged

di sadvantages. First, a polarizer plate itself is fornmed of polyvinyl

al cohol sandwicoirenlybest adage hambersofomadhiriels.ul Diie gteatlpdmdreiises plantcandteqdipment h an
acrylic resin, and is forned as a thin filmabout 0.2 to 0.6 mn thick.
Therefore, gienitihigrand thus irncreases atieccob offighid eryéthl pandlOastent pegdupdsat €, unexpect ed
application of a load thereto may deformthe portion thereof around the cut

lines, eventuall ¥ waami vgidtthisiebRipagedo forlxemlsiRgm RbanckdRate! Apple@ionlade. | n
particul ar, when bonded to a substrate, the polarizer plate needs to be

bonded tiver efpen N6, HéL34218DewEH dikd69RS a Mebhod F6 R BGatthg PGB LR/ el Pher&Rs on
the substrate- This necessitates the use of a high-precision nachine, which
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places thereon is bonded to a plastic substrate, and then the plastic substrate is cut apart along
the cut lines to produce a plurality of liquid crystal panels. According to this method, the
polarizer plate is bonded to the substrate before the substrate is cut apart. This helps greatly

15 scale down the step itself of bonding the polarizer plate. Thus, it is possible to improve
fabrication efficiency without unduly increasing plant-and-equipment spending.

This method, however, has the following disadvantages. First, a polarizer plate itself
is formed of polyvinyl alcohol sandwiched between layers of cellulose triacetate or coated
with an acrylic resin, and is formed as a thin film about 0.2 to 0.6 mm thick. Therefore,

20 when cut lines are formed in this polarizer plate, unexpected application of a load thereto may
deform the portion thereof around the cut lines, eventually leading to warping or breakage of
the polarizer plate. In particular, when bonded to a substrate, the polarizer plate needs to be

bonded thereto so that the cut liens are located at predetermined places on the substrate.

This necessitates the use of a high-precision machine, which is disadvantageous to cost



where a cut line is formed, the portions of the polarizer plate across it
are separated fromeach other). In particular when a glass substrate, which
is brittle, is used as the substrate, the 5 substrate and the pol ari zer

pl ate have quite different properties, and therefore, unless special care
is taken, the glass substrate may break at-inappropriate places, or the

pol ari zer plate may exfoliate unexpectedly. That is, it is extrenely

difficult tgadgstontldPEqidRFEthl pahdiiout degradation in quality. Thus, this
nmet hod | eaves room for inprovenent. Incidentally, Japanese Patent
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substrate, of which the material is simlar to the naterlal of
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fromone place.to another or assenbled into a |j stal dis Iay
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or deforned,_ or broken at a corner, Accordi g extrenely cautions
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has come to be given nmultiple functions, and is formed of a plurality of

sheets havi AREraAaHPH i ABitY-c afhusr Gpemethod leayes AMoE lmmvawe@thelncmgtaﬁy,

result, at the edges of a polarizer plate bonded to a substrate cell, there

are often olepanesedatsnt Agpligetion Aeid-Dren NphiHs-1RKaS prasupiosssi theuse 1of 2aplesithl e a

liquid crystal panel into a |liquid crystal display device, or causes the

pol ari zdf phubsteate.of evhichithametetizlansimiler touhe mettiel ofdled polarize peﬂlpeuhs;rate and

Furthernmore, in a case where a renovable protective filmis laid on the

outer surf advereﬁire,aqupg hatnialte it gveamne spesiahsonsidetation totthgmathod Fogrcatting themavhen t he

liquid crystal panel is -8- transported fromone place to another or

assenbl ed i nt o aOhithpubtier hanslf &l tieti spiventiodalviiqed ctylsel phael shovery ire¥igl53athe from

the pol arizer plate unexpectedly and scratch the polarizer plate itself
individual substrate cells 551a and 551b are thin (when formed of glass, about 0.4 to 0.7 mm),

in

and therefore the protruding portion 551aa, in particular, is mechanically weak. Thus, when

15  the liquid crystal panel is transported from one place to another or assembled into a liquid

crystal display device, if it is hit or dropped, the protruding portion 551aa may be cracked or
deformed, or broken at a corner.  Accordingly, extremely cautions handling is required.

Moreover, in recent years, a polarizer plate itself has come to be given multiple

functions, and is formed of a plurality of sheets having various optical properties lz;id on one

20 another. As a result, at the edges of a polarizer plate bonded to a substrate cell, there are

often observed burrs and the like. This makes it difficult to assemble a liquid crystal panel

into a liquid crystal display device, or causes the polarizer plate to exfoliate from the substrate

cell unexpectedly. Furthermore, in a case where a removable protective film is laid on the

outer surface of a polarizer plate so as to be integral therewith, when the liquid crystal panel is



Di sclosure of the invention 5 It is an object of the present invention to
provide a nethod and an apparatus for cutting apart a glass substrate
having a deposited-filmfornmed thereon whereby the glass substrate can be
cut apart wi thout being affected by the presence or the thickness of the
deposited filmw th respect to the scribiLpg of the glass substrate. It is
anot her object of the present invention to provide a liquid crystal panel

free from 10,lR68k rWRAKRHING 18fandMENGUscAbI&E irnﬁiqgfliauiﬂ%sft | Q8spfay UVice, the

unexpected exfoliation of 'a polarizer plate. Sinmultaneously, 1T 1s also an
obj ect of 't o 2RBfatt YR MlartAr PER el o0 BRALR: rthe Easriz‘eg@ra{eqaalrng a
plurality of liquid crystal panels by cutting apart a gl aSs subStrate having
a polarizer plate bonded thereto wherewith liquid crystal panels as
descri bed above can be fabricated wthout degradation in quality and with
i mpr oved fagﬁi?atiqﬁtﬁfficiency. 15 To achi eve the above objects, according
to the pres TOHTN %H‘,ve'i“ﬁona met hod of cutting apart a glass substrate
havi ng a deposited. film.for t hereon, there are, provided .glass substrate
exposi ng %eans f 'S raé‘n?r)gﬁcﬁ@?gger PIFSOh ADERTL R PEsydecd “ieﬂ’@ﬁd’é‘ﬂoaé’i RPATAHYS Y so
as to expose strip-shqped egi ons .on the substrate, and crack form ng neans
for form ng SEHAGARArt 2oglass WBSREs ARYing Aedeppsited-TilinHermed: theregn yehegshy thp glass
al ong the strip-shaped regi ons exposed 20 thereon by the gl ass substrate
exposi ng medHistralgetag bet ¢iib agprh ydtheybeing eliegted by itheypigsence jop il thidkaessrefcthe .
Moreover, according to the present invention, in an apparatus for cutting
apart a gl dseosgehilirwitherespegicioibi segbiag @bk glascmibsitaige on which a gl ass
substrate having a deposited filmforned thereon is placed, securing nmeans
for securing theltgh arathes ghisetrefithe preseat inyemsivatte pravidec: lpped ¢rysal paneltfres from
wor kpi ece stage, crack form ng neans for formng cracks on -9- the gl ass
subst r at & sdocab weakepiog rof tmechaniqyl stsengthudrsit frext feomh ainkrepectetd eafotiationadfonpolereer
cracks, and actuating neans for noving the crack form ng neans to a
pr edet er m nepthte oSihultangoustyeiitels lalsb ag obgppaf tht psesenttiavempian to plogidglaaspparatus
substrate into a plurality of blocks along the cracks, there is

for fabricating a plurality of liquid crystal panels by cutting apart a glass substrate having a

polarizer plate bonded thereto wherewith liquid crystal panels as described above can be
fabricated without degradation in quality and with improved fabrication efficiency.

15 To achieve the above objects, according to the present invention, in a method of
cutting apart a glass substrate having a deposited film formed thereon, there are provided
glass substrate exposing means for removing strip-shaped portions of the deposited film so as
to expose strip-shaped regions on the substrate, and crack forming means for forming cracks
so as to permit the glass substrate to be cut apart along the strip-shaped regions exposed

20 thereon by the glass substrate exposing means. Here, the glass substrate is cut apart along
the cracks. Moreover, according to the present invention, in an apparatus for cutting apart a
glass substrate, including a workpiece stage on which a glass substrate having a deposited
film formed thereon is placed, securing means for securing the glass substrate in a

predetermined position on the workpiece stage, crack forming means for forming cracks on



provi ded a gl ass substrate exposing neans for renoving strip-shaped portions
of the deposited 5 filmso as to expose strip-shaped regions on the gl ass
substrate. Here, the cracks are so forned that the glass substrate is cut
apart along the strip-shaped regi ons exposed thereon by the glass substrate
exposing nmeans. By this nmethod and with tgus apparatus, it is possible to
renmove portions of the deposited filmsufficient to formcracks and then

form cracksalsfRgaitisfrite s Q@@@‘B%&xﬁgih@ Nifass SbsE%iRASRE AP aﬁal?teﬁgﬁga‘ﬁr-ﬁ catRstdngt e to

permt the glass substrate to be cut apart along the crac is nekes it

possi bl e toac?llé‘iiné‘@@ﬂs f&r rﬂ{zﬁﬁ?th@'&ﬁ%ﬁ rf&m?ﬂgﬁéﬂn@% ?Pr\édété’rﬂﬁegfp.o RBO S Hefih fr! M
formed thereon, froma thin filmsuch as an ovefcoating filmadr transparent
| ectrode t il ' ited fil 1
oS! o Bl TR MR 028, RRLOL AL ATATAR O P HRRL RS AT £

affected by th

resence. of the.deposited film 15 reover, to achieve the

Sbove. obj ootb el BRRNiEs Rl SRS BRRSFrrenh An-BrPee Birfons PSR s nel
i s composed.of a pair of substrate cells bonded together_ with liquid crystal
soal o0 5 imRa Bhiraaes AMBniE FeRop o B8 HoncuBTs odiegh hy PrEtEe st he
substrate cells. In addition, one end of one of the substrate cells
protrudes fieERTdMH tgﬁglaﬁfs"‘%’ﬁ@t%‘ﬂ’fé} ap3ft 38 thes iR shaped regiqns sxrasedidieregn by m a
protrudi ng portion, connection termnals by way of which the 20 liquid
crystal pan®f 8ss substipteF¥PeSiFESP?ABE on t he inner surface of the protruding
portion, and the polarizing plate so extends as to cover the outer surface
of the protrudi My Boy meded apduwith (this apparatus,uidliin @opdiie itomemavs pastiersoefcthd by
the pol arizer plate. This enhances nechani cal strength. Moreover, accordi.ng
to the presdeposifed\fdmt sufficiens tbifqum drasky andilthepafeeh dracks alopesstup-sifaped regadns of
substrate cells bonded together with liquid crystal sealed in between and
wi t h pollfr i exppsed bd-theglassesmibiioatel edparmitohet glassswbftaate® tefcut hparsalbsg thatceacke! | s.
In addition, the edges of the polarizer plates are so formed as to have a
verti cal seThis onkdshaposkibleaoest dphrt arghass subdtritl havieg artyayge of depesited €ibs forated
cells. This prevents the edges of the polarizer plates from being caught

thereon, from a thin film such as an overcoating film or transparent electrode to a film such as

a polarizef plate or a deposited film up to 1 to 2 mm thick such as a resin film or protective
film, without being affected by the presence of the deposited film.

15 Moreover, to achieve the above objects, according to the present invention, a liquid
crystal panel is composed of a pair of substrate cells bonded together with liquid crystal
sealed in between and with polarizer plates bonded to outer surfaces of the substrate cells. In
addition, one end of one of the substrate cells protrudes from one end of the other of the
substrate cells so as to form a protruding portion, connection terminals by way of which the

20 liquid crystal panel is driven is formed on the inner surface of the protruding portion, and the
polarizing plate so extends as to cover the outer surface of the protruding portion. Thus, the
protruding portions is reinforced by the polarizer plate. This enhances mechanical strength.

Moreover, according to the present invention, a liquid crystal panel is composed of a

pair of substrate cells bonded together with liquid crystal sealed in between and with polarizer



accidentally, and thus hel ps prevent exfoliation thereof 5 Mreover, to
achi eve the above objects, according to the present invention, in an
apparatus for fabricating a liquid crystal panel, nore specifically one for
fabricating a plurality of the liquid crystal panel described above by
cutting apart a glass substrate that hasjga plurality of pairs, arranged
adj acent to one another, of glass substrate cells bonded together wth

liquid crysg gxlﬁe eok@% %ﬁerbs%m&(ﬁ%fm%a ga fe A5 PR %?fn%{x &L @@é? op%”gy%gr&%obmh

surfaces 10 ere are provi i85S sub

r err.DVi ng st éllatgs EJ@%B %1’111%8r %}koolqﬁl €a ertlcglsste nati:litzb% tgllr(lger ? lianner ?ov(vaa?%&)

stri p-shaped regi ons on t means or
form ng cragks erm t SS S tra eto cut apart alo g t he
stri p- shape¥ Stfi iCSﬁ §e%reﬁ?isr 316% 8 3t ﬂg S i P9 r@ffb?FaFeét §°@X 58‘§$ n?j’u ans.
Here, the gl as qt‘;late i s cut %P rt along.the cracks. Thus, first,
portions of3f€ @“ﬂ g helps pogvaat aten thersgled al ong t he boundar i es
bet ween the substrate cells, then cracks for cutting-apart are formed al ong
the strip- shapedPegisnt® %%btfd% dbe abPvierbigstsa pecasding ttp dhe Preseny invegtien,  in AR
then the glass substrate is cut apart along the cracks. In this way
i ndi vi dual ¥pptusaioe faliricating peliquid sastad Pan¢latmase chedifitelty onei f@mfabre,qayaa al
panel. That is, it is possible to cut apart the glass substrate w thout
degr adat i onplunliv(ueﬂthet Yquidvery stelranel deberibed rbovedyrmatiingtapart s glaspeubistadte @t has
equi pnment to bond the polarizer plates on the glass substrate. This
enhances f abpludity dfipairefdriaogeirdyaceito ehe sresior,i ¢itglan suifstrate aviisrigpndéd getheri s a
di agram schematically showi ng how a deposited filmis renoved in the - | .|
gl ass subst wak déqeidtdrysted sea¢dhodbeviveen dridrthht keasipothrizemplate$ boddedito ettt sunfaceswi t h
a side view shown at (a) and a front view shown at (b). Fig. 2 is an
enl ar gedovi thereof, tHeregare provitled ghaisgsubstrits expobifig Micaks fonrehivaigastipsslabyd Sditovisng
how a crack (scribed line) is forned in

of the polarizer plates so as to expose strip-shaped regions on the glass substrate, and crack

forming means for forming cracks so as to permit the glass substrate to be cut apart along the
strip-shaped region exposed thereon by the glass substrate exposing means. Here, the glass
substrate is cut apart along the cracks. Thus, first, portions of the polarizer plates are
15 removed along the boundaries between the substrate cells, then cracks for cutting-apart are
formed along the strip-shaped regions exposed on the glass substrate as a result, and then the
glass substrate is cut apart along the cracks. In this way, individual substrate cells are
produced that each form a liquid crystal panel. That is, it is possible to cut apart the glass
substrate without degradation in quality. Moreover, there is no need to use special
20 equipment to bond the polarizer plates on the glass substrate. This enhances fabrication

efficiency.

Brief description of drawings

Fig. 1 is a diagram schematically showing how a deposited film is removed in the



5 the first enbodinent. Fig. 4 is a front view schematically illustrating
-how a deposited filmis renoved in the cutting nmethods of a second and a
third enbodi rent of the invention. Fig. 5 is a diagramschematically
illustrating how a deposited filmis renoved in the cutting nmethod of a
fourth enbodi ment of the invention, with g _side view shown at (a) and a 10
front view shown at (b). Fig. 6 a side view schematically show ng anot her
exanpl e of : i i 7y 1 i . ]

1 Tust rati ng oSS LaBRROAL IR bea ol Sobclih e Be eiento M VRS gt
fifth enbodi f .' [ Fig. 8 is a side view schematically
illustrati ngapﬁgévndgafggangglse%ég‘%#@?'i s renoved in the 15 cutting nethod of a

si xt h enbodi nent _.of , t he i nve tion. Fig 9 is a front view schematically
showi ng how a cr&8Kk? FEFHPEEH Vel FF8 d®ting nethod of a seventh embodi ment

of the invention._. FLg. 10 is an external ,view of the cutter used in the
cutting method OFlga:Sﬁ%? é‘ﬁf‘%‘“”@ﬁ%&iaﬁﬁﬂ@ %‘ow%eh%h?/é‘f?‘t*gﬁ‘f.“g@ol“lgﬁ o fLc’l"m?‘PI"s a

side view schematically illustrating how a deposited filmis renoved in the
ei ght h erpodficfiEsiembpdigients > {5 a front detail view of the cutter used in the
ei ghth enbodinent; Fig. His a sectional view along line mn shown in Fig.

12; Fig. 14 is aFigrbista Fensyieysscherpatigplhy dlustiatiog hawe depetited §lm ppamaradsindie a
ni nth enbodi ment -12 of the invention; Fig. 15 is a perspective view of the
crack form feftingmathodssefiase¢ond andhi third eswbgdiment ¢fghe ipvantipmg appar at us of the
ninth enbodinent; Fig. 16 is a plan view of the cutting apparatuses of the
ni nth and a t ent Figefriroaldiagratm schematically illustrating how a deposited film is removed in the
cutting method of a fourth embodiment of the invention, with a side view shown at (a) and a
10 front view shown at (b).
Fig. 6 a side view schematically showing another example of the fourth embodiment.
Fig. 7 is a front view schematically illustrating how a deposited film is removed in the
cutting method of a fifth embodiment of the invention.
Fig. 8 is a side view schematically illustrating how a deposited film is removed in the
15 cutting method of a sixth embodiment of the invention.
Fig. 9 is a front view schematically showing how a crack is formed in the cutting
method of a seventh embodiment of the invention.
Fig. 10 is an external view of the cutter used in the cutting method of an eighth
embodiment of the invention.
20 Fig. 11 is a side view schematically illustrating how a deposited film is removed in the
eighth embodiment;
Fig. 12 is a front detail view of the cutter used in the eighth embodiment;

Fig. 13 is a sectional view along line m-n shown in Fig. 12,

Fig. 14 is a front view of the glass substrate cutting apparatus of a ninth embodiment



5 of the invention as seen from above; Fig. 17 is a front view of the
cutting apparatus of the ninth enbodinent, in the state before
deposited-fil mrenoval operation; Fig. 18 is a front view of the cutting
apparatus of the ninth enbodinment, in the state in the m ddle of
deposited-fil mrenoval operation; 10 Figj219 is a diagramschematically
illustrating the principles of the glass substrate cutting nmethod of an

el event h enfiqdi fegl@f the invention and how a part of a deposited film is
renoved by an apparat'us enploying the nethod; Fig. 20 is a diagram
schematically ilJ.ustrati Linckpl es. of. the gl ass, substrate ut t.i ng
nmet hod of a tvveIF:J%j‘ hlsegnﬁo%?s ﬁéﬁﬁ' engxé% %gg}enc\%%tﬁo%m% aﬂsowcrglblﬁ%}lflﬁ)o‘fseg n Ehe
deposited filmis 15 rfem)vreﬂ1 arLd how a crack is formed by an apparat us
enpl oyi ng t HEIEAPRYAS Bf e nigith gmoodiment i onal vi ew showi ng how parts of a
deposited filmare renoved in t gl ass substrate cutting nmethod of a
thirteenth enbodi$ndft!s pr?a(“h"éew ﬁ(hlg‘ﬁtcflﬁ‘ﬂ,g appagatuses of theunth apd 3 fenth MBOFigA¥w ng
how cracks are fornmed in the cutting nmethod of the thirteenth enbodi nent;
20 Fig. 23 9isheinkention anen Fr@abe¥fowi ng how parts of a deposited filmare
renoved and how cracks are forned in the cutting nethod of a fourteenth
enmbodi ment of t Hag.j lfvid atfresh view ¢f the gutting appaeatusielfcthe niath/¢rabedimenti inghe brate
appearance of the liquid crystal panel of a fifteenth enbodi ment of the

i nvention; Rfere do®sited-almrempyal aperstéant i onal vi ew of the liquid crystal panel
of the fifteenth - 13 enbodinent; Fig. 26 is a diagramschematically
showi ng how t he Kig.dges & frest oéw pfithe cutjng dpparapss afltheainghl embodineat, fin fHeatnd in
enbodi ment vary as the edge angle of the polarizer plate varies, Fig. 27 .s
a per spect i the middiwofiepesired-fimatemovslilvpedation;t he appear ance of the liquid

10 Fig. 19 is a diagram schematically illustrating the principles of the glass substrate
cutting method of an eleventh embodiment of the invention and how a part of a deposited film
is removed by an apparatus employing the method;

Fig. 20 is a diagram schematically illustrating the principles of the glass substrate
cutting method of a twelfth embodiment of the invention and how a part of a deposited film is

15 removed and how a crack is formed by an apparatus employing the method;

Fig. 21 is a sectional view showing how parts of a deposited film are removed in the
glass substrate cutting method of a thirteenth embodiment of the invention;

Fig. 22 is a sectional view showing how cracks are formed in the cutting method of
the thirteenth embodiment;

20 Fig. 23 is a sectional view showing how parts of a deposited film are removed and
how cracks are formed in the cutting method of a fourteenth embodiment of the invention;

Fig. 24 is a perspective view showing the appearance of the liquid crystal panel of a
fifteenth embodiment of the invention;

Fig. 25 is a vertical sectional view of the liquid crystal panel of the fifteenth



5 crystal panel fabricating apparatus of a sixteenth enbodi nent of the
invention; Fig. 28 is an enlarged view of a principal portion of the gl ass
substrate; Fig. 29 is an external view of the wheel cutter for scribing;
Fig. 30 is a perspective view schematically show ng the appearance of the
liquid crystal panel fabricating apparajyis of a seventeenth enbodi nent of
the invention, 10 Fig. 31 is a perspective view schematically show ng the
appear ance Qfuol @ﬁ l.iquid crystal panel fabricating apparatus of an

ei ghteenth enbo nent of the invention; Fig. 32 is an external perspective

vi ew show ng ex 2% is %f dlggIgm Qkﬁ&%tl%ﬂ@p%ouﬁr%dhévo |I:het I)I'g%%h&uéfdthg rll)ﬁlh acIr¥sIPa€ImeI

fabricating appa it us of the th perspec

h I h I I
Fabr i cati g BiRsr ik Esh HodiRfRR A atitnde b s A0 Sne Flg. 04

is a perspectiv schemati.cally show ng, th pearance of t bl.ade used
inthe liquid c &%t?ﬂl‘spﬁﬁgsmfc%?l E’Iéi FII‘Q égﬁgg‘gf&? RBPF3REE QngIE%I‘qm
enbodlnent (i s an expl ode erspectlve vi ew of the blade shown in
Fig. 34;°Fi ijstag@ara fagricating mzmgatum évv’qtqerl@sembafhmqgt ofRke iByrBFaR on of the
liquid crystal panel 20 fabricating apparatus of the nineteenth enbodi ment;
Fig. 37 is a sedts @Rl ananidpged YK ofp RrineiP| poeton{ps el glass substrateiqui d cryst al
panel fabricating apparatus of a twentieth enmbodiment of the invention;
Fig. 38 is a periipadis anextarrahviswiodthervhesl quitershosirihingt he appear ance of t he
liquid crystal panel fabricating apparatus of a twenty-first enbodi nent of
the invention; -Figl-30Fisga pg@péctiveryiemx sehematically showingwihe gppdacanbt aflaheufigadi n
the liquid crystal panel fabricating apparatus of the twenty-first

enbodi nent ; crista parkd fabscating eprppatcst af aseventeents kmbodigrentiod theppeatiance of a gI ass
substrate used as the material of a l'iquid crystal panel enbodying the

i nventi an; Fig. 31 is a perspective view schematically showing the appearance of the liquid

crystal panel fabricating apparatus of an eighteenth embodiment of the invention;
Fig. 32 is an external perspective view showing examples of the blade shape used in
the liquid crystal panel fabricating apparatus of the third embodiment;
Fig. 33 is a perspective view schematically showing the appearance of the liquid
15 crystal panel fabricating apparatus of a nineteenth embodiment of the invention;
Fig. 34 is a perspective view schematically showing the appearance of the blade used
in the liquid crystal panel fabricating apparatus of the nineteenth embodiment;
Fig. 35 is an exploded perspective view of the blade shown in Fig. 34;
Fig. 36 is a sectional view illustrating the operation of the liquid crystal panel
20 fabricating apparatus of the nineteenth embodiment;
Fig. 37 is a sectional view showing the blade used in the liquid crystal panel
fabricating apparatus of a twentieth embodiment of the invention;
Fig. 38 is a perspective view schematically showing the appearance of the liquid

crystal panel fabricating apparatus of a twenty-first embodiment of the invention;



5 Fig. 41 is a side view schematically show ng an exanple of a liquid
crystal panel fabricating apparatus with respect to the glass substrate
shown in Fig. 40; Fig. 42 is a vertical sectional view of the glass
substrate after being treated by the 1liquid crystal panel fabricating
apparatus shown in Fig. 41; Fig. 43 is pejsspective view show ng the
appearance of the glass substrate after being 10 treated by the liquid

crystal panel fagbrigating apparat.us shown jn Fig. 41:. Fig.,.44,is a

per spective vie '%'hgé\‘/i%égt?‘georml quf' Silpygiga}hepg{ﬁ%q uf%b?‘i Q’Et Hoid epstal hapel of
the inventign.running in e X directipon; Fig. 45 is a perspective view
show ng thegg?cﬁﬂ?%apc?gvgisé’&nﬁéﬁ@?tyTﬁésﬁFingﬁqli“ﬁﬁgappar atus of the invention
running in the Y.direction; 15 Fjg. 46 is_a vertical _sectional view show ng
the liquid crystf$ 49dp @ Perspestive Yievnjowingthe aprraragee elreslashaubttratiused anthsy i n
the Y direction; Fig. 47 is an external perspective viewof a liquid crystal
panel produgaeria)ef ¢ heuid gyaalpape gmbpdsingethe inyentigncr yst al panel fabricating
apparatus shown in Figs. 44 to 46; Fig. 4S is an external perspective view
of the bFade usdugi4l tsheesidperest pammaticallhshowingiah exadpler 9fsa diquig zangstal panel
fabricating apparatus shown in Figs. 44 to 46; Fig. 49 is a perspective view
showi ng t hefabriatinglappesagtsatithaspett tb dierglasasubsgatapieweinfig. 40, t he i nventi on
running in the X direction, as an exanple of the preferred operation
thereof; Fig. 5CFig.s42ispevatie tseatenali vow fiokd plgsst substrat€) uftet teingsStredtedpisn ehe
fabricating apparatus shown in Fig. 49 now running in the Y direction after
runni ng in ldue ofystdl pexel fabficating dFpakdt@s shodn irSFig. 41er specti ve vi ew show ng the
liquid crystal panel fabricating apparatus shown in Fig. 50 now running in
the X direction Higrastihpespsane viewWBonidgahe appearange dithé ?ﬂss\fsubgﬁa&@s&ér%ingFi g.

52 is a front view showing an exanple of a conventional glass substrate
Cutting 10 treated by the liquid crystal panel fabricating apparatus shown in Fig. 41;
Fig. 44 is a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the X direction;
Fig. 45 is a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the Y direction;
15 Fig. 46 is a vertical sectional view showing the liquid crystal panel fabricating
apparatus of the invention running in the Y direction;
Fig. 47 i1s an external perspective view of a liquid crystal panel produced by the
operation of the liquid crystal panel fabricating apparatus shown in Figs. 44 to 46;
Fig. 48 is an external perspective view of the blade used in the operation of the liquid
20 crystal panel fabricating apparatus shown in Figs. 44 to 46;
Fig. 49 is a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the X direction, as an example of the preferred operation thereof;

Fig. 50 is a perspective view showing the liquid crystal panel fabricating apparatus

shown in Fig. 49 now running in the Y direction after running in the X direction;



5 apparatus; and Fig. 53 is a perspective view show ng the appearance of a
conventional liquid crystal panel. Best node for carrying out the invention
10 Hereinafter, nmethods and apparatuses for cutting apart a gl ass substrate,
liquid crystal panels, and nmethod for fabrrcatrng a liquid crystal panel,
al | enbodyi ng the present invention, wi1l® -be described one by one in detar
with reference to the drawings. In the drawings referred to in the
descriptions of FigeSintppeipestive visvdsheminesthedigohd oystplopmeelt fabricatingrapparatas
sanme functions anong different enbodinents are identified with the sane

ref erence nyheyminsFig1¥® sew fumningsin plasXi difectionafod tevserdrdptpne aft@xphamnin tha s wil |
not be repeated. First, the glass substrate cutting nethod of a first

enbodi ment diredtioe; i nvention will be described. Figs. 1 to 3 show the gl ass
substrate cutting nethod of the first enbodinent. Fig. 1(a) is a side view
schematical | y shBig 62 ishofost \depesiviag af kkdmgloofredodrRnfiordl glass substhsd tutigs | S
renoved, and Fig. 1(b) is a front view of Fig. 1(a) as seen fromthe |eft

t hereof . 20 appagatusahd | ustrates in nore detail the operation shown in Fig. 1
and Fig. 3 shows how a scribed line (crack) is formed on the gl ass

substrate. Here, rg @?&%*&@écttoelmmom %Yaptaé/a?ﬁlcé’t)ffl'c&ﬂ@entlcfnrapmtﬁd ERsar film
such as a overcoatrng filmor eIectrode ilmto a thicker filmsuch as a

pol arizer plaig, or a resin filmor protective film In Fig. 1, reference
nuneral | gpresents a gl ass substrate having a deposited filml a - 16
formed thereon, reference nuneral 2 represents a shaving cutter, |ike a wood

chi sel serving as a glass substrate exposing neans for cutting shavi ng
of f, and theyeb V|n str shaped portions of the dep05|ted filmla so
as to expos tn'éo 5%“% ﬁ' vy "Sﬁ'd ref erence nurreral represents a
morkpreCﬁ)stage

5 in Figli(b), ?‘ﬁ%?"’éhswﬁ °8§t‘t CibpdtaRae B Bl Pl ol d*rfifete fififa ofy3ual "M

. lpgneYs, grrt]f gt%t?togmfc;[r}}abncating a liquid crystal panel, all embodying the present invention,

will be described one by one in detail with reference to the drawings. In the drawings
referred to in the descriptions of the individual embodiments, such components as have the
same functions among different embodiments are identified with the same reference numerals
15 as far as possible, and overlapping explanations will not be repeated.
First, the glass substrate cutting method of a first embodiment of the invention will be
described. Figs. 1 to 3 show the glass substrate cutting method of the first embodiment.
Fig. 1(a) is a side view schematically showing how a deposited film formed on a glass
substrate is removed, and Fig. 1(b) is a front view of Fig. 1(a) as seen from the left thereof.
20 Fig. 2 illustrates in more detail the operation shown in Fig. 1, and Fig. 3 shows how a scribed
line (crack) is formed on the glass substrate. Here, a deposited film may be any type of film,
from a thin film such as a overcoating film or electrode film to a thicker film such as a
polarizer plate, or a resin film or protective film.

In Fig. 1, reference numeral 1 represents a glass substrate having a deposited film la



opening angle B. As the shaving cutter 2 is noved -fromleft to right as
seen in Fig. 1(a) parallel to the top surface of the glass substrate 1,
with the cutting edge at the tip of the shaving cutter 2 pressed agai nst
the glass substrate 1 so as to make contact with the bottom surface of the
deposited filmla, i.e. the glass surface of the glass substrate 1, the
deposited 10 filmla is cut, shaved, andi¢hereby renoved in the formof a
waste strip Ib as shown in Fig. 1(a) that comes off along the substantially

V-shaped 9rRaN& hérebd) fefbrdhdel dieheRi A9eprdddfits h QhAkng Medeh) 1100 GBod Bfised RN irdhs
cutter 2 is pressed against the glass substrate is adjusted according to

the thickness,andpsmt x?@img)fneirﬂefop@lﬂf?@ SRfidg éfmghd %er%ghxﬁﬁlhg stnh NBaped

pressure is not hi gher newt on). for eposl as a

resin fil m on‘gB g%cfsﬁgﬁ gﬁpﬁ §6f asgig)tﬂlo%gﬁﬁ gi’ﬁtss %u%?trajté heagh' ?%fer%r?ceahu;n% lt‘enS

of Nfora mm t hi mum an

bet ween t he and surfac ass sub r s
adj ust ed acc@h%" g‘f’g&%’]ﬁgg %tfgﬁ nvevéllsgﬁén ?rsﬁts‘é s?ra © lf)mp laf 701& A Sﬁ%usff dé P a,
and the haV| he de OSI mis erfo th the

The angl & (4 Fi %é?wei I VRERE RO s A a5 SoHorRE G sl é’éﬁ@?@é%@&& 'y
about 40. VMere t he dep05|ted 20 filml ais athinfilma fewtens of m

t hi ck, or aof’ﬁ&‘flg @N8IR 5 k ASi thershayingy cuttsy 2jif, meyerk fromy ltefiéf’lrtghé as sesB R Figr 1(dhe
angle (3 is usted according to the thickness and material of the

deposi ted fpar I yotherap surface sighe glpssy bubstae 1 svithethe spiting edige At thettipnofiihe
results. Fig. 2 shows in nore detail how the cutting and shaving of the
deposi t ed fshhying quties 2 presseceagathshihetgass shkmtrateg uast termake shutast with the dotém) . | n
its sinplest form the shaving cutter 2 -17- is forned as a blade like a.
V- shaped wosndacchofstbé déposiveinfilion iia, a.epthatgiass mafeed ofititecglasalsubsitrate 1g thet depokitedss t
into a substantially V-like shape wit h an opening angle 0 as shown in Fig.
| (b) and filhen it ootyishayed anl elerebycemangl ie tiye flrin eflaomaytet dudp thind shognaddég as
shown in Fig. 2. Fig. 3 shows how a scribed line (crack) 5a is forned, in

t he shaved gaothsecomes offrabshg the bybstanttalBhvshiied Guddverof Zhe dugtingeddg1g Ehe force

wheel - shaped scribing cutter 4 serving as a crack
with which the shaving cutter 2 is pressed against the glass substrate is adjusted according to
the thickness and material of the deposited film 1a. Typically, the pressure is not higher than
1 N (newton) for a deposited film, such as a resin film, of up to a few tens of um thick, but is
15 equal to a few tens of N for a film of about 0.5 mm thick.
In Fig. 1(a), the optimum angle a between the shaving cutter 2 and tl'1e surface of the
glass substrate 1 is adjusted according to the thickness and material of the deposited film 1a,
and the shaving of the deposited film is performed with the optimum angle. The angle B
between the shaving cutter 2 and its cutting edge is usually about 90°. Where the deposited
20 film la is a thin film a few tens of um thick, or a quite thick film layer, or in other situations,
however, the angle B is adjusted according to the thickness and material of the deposited film
so that the shaving thereof is performed with optimum results.
Fig. 2 shows in more detail how the cutting and shaving of the deposited film 1la is

achieved by the shaving cutter 2 shown in Fig 1(a). In its simplest form, the shaving cutter 2



form ng neans roll along the shaved groove while pressing it downward- The
scribing neans 4 serving as the crack form ng neans has a cutter wheel 4a,
of which the edge is forned of dianond, superhard alloy, or the liKke,
rotatably pivoted on a support shaft 4b. The edge angle of the wheel cutter
4a is varied in the range of from about-¥0* to 140" accordi ng to 10 the
thickness and material of the glass substrate- Accordingly, the opening
angl e 0 of is fsmedpngiblage dke @éf“ggp%wm Fhisetiby bending a iplatedshapedninatedaliwitlsach a
way as to permt the shaved groove 5 to be so shaped and sized that the
cutter wheehickmss Whern substantially Vrlgkesbapelveith dn opening angla 6 tak ehoswr ih Foge 1¢f) abdhe

gl ass substrate 1, does not interfere with the deposited filmla or

ot herw se aﬁémﬁmg@m&&eﬁc}éangléﬁnelonglﬂ@)cuﬂtiﬁ 8dgli AGKAM miFpveng the cutting
met hod of a second enbodi nent of the |nven%|on. As conpared with Fig. 1,

which il ' ' i |
ich illustratgg Bhgfi ek a%eﬁ&%'%[]ﬁqumc%ﬁ i ?@gﬁ&l% tﬁyéhhge\{&] élﬁ%\%g 'fg‘grl%@ﬁ ( Z)

di fferent cross-sectional shape. sec I'ment s

differs fromighe.fi ' L t.in d t.the tip of the
havi ng tutbelne Spstitg bufd L i RRkat 3 khal-shiffy RN BufORE ik I 4 SPek
substrate, has not a V- ed, openi 20 byt. an arc-shaped openin i.th a
i us Ri ARG e o §ORE (e Uil v sl ofihe AL s The debine
characterized by the arc-shaped. cross section of the cytti .edge of the
Chavi ng. curtps 4 SNaE 0 FRG TBUNER duoshbeY §chiR Wirshdboti e e fige o

possi bl e to, secure a w der wlgtr at thii bottom of the shaved groove_5 shown
in Fig. 3, fprmedofdiagogd supsrhard alley. ppthe ks gea@blyduyased onqatuppert $REAbd T8 on)
on the glass substrate, than in the first enbodinent. This results in a - 18
great er maregghangte efitee whesl eytisppaig varied indherapge offframmebaut 69°¢p 19ficaskordiag to

Mor eover, the pressing force does not concentrate on one point at the

cutti ngl@dghe dficknbs antiawvitergl ofithtecglasasubstrateh e At¢ardinglye theapemegtangld 9 o thel ps
mai ntai n the sharpness of the cutting edge of the shaving cutter 12 for a

| onger per isfghingl B@ter 2diHesnRh ARAI(bHE Qp@mideg iangEe aolayt HetoCplirhitNBe eBGed ar €,
as in the 5 first enbodi nent, determ ned appropriately according to the edge
angl e of thRogtstiBbe 86 Ebed @nd sized that the cutter wheel 4a, when forming the scribed line 5a
on the surface of the glass substrate 1, does not interfere with the deposited film la or
otherwise affect adversely.

15 Fig. 4(a) is a diagram showing the cutting method of a second embodiment of the
invention. As compared with Fig. 1, which illustrates the first embodime;nt, the shaving
cutter 12 here has a different cross-sectional shape. The second embodiment shown in Fig.

4(a) differs from the first embodiment in that the cutting edge at the tip of the shaving cutter
12, where it makes contact with the surface of the glass substrate, has not a V-shaped opening

20 but an arc-shaped opening with a radius R1 as shown in Fig. 4(a). The second embodiment,
which is characterized by the arc-shaped cross section of the cutting edge of the shaving cutter
12, has, among others, the following advantages. It is possible to secure a wider width at the

bottom of the shaved groove 5 shown in Fig. 3, i.e., a wider width in the exposed region

(strip-shaped region) on the glass substrate, than in the first embodiment. This results in a



and the thickness of the deposited filmla- In other respects, including how
scribed lines are formed, the second enbodi nent works in the same manner as
the first enbodi ment, and therefore overl apping explanations will not be
repeated. Fig. 4(b) shows the cutting nethod of a third enbodi nent of the
invention. In the 10 third enbodi nent, _tge feature of the second enbodi nent
is further devel oped- Specifically, here, the cross-sectional shape of the

cutting edg 9 ST o o] . i r j 0 f j_near
port on wi ¢Rea Rl e tgshd8find WP IELE e eyt il AOTRRTENLinrtbs i
substrate 1 | [t it h.an ni,n ngle O 1. which cut the
deposi ted ftlrof%%isslgo.q%ﬁ%?tgaf h}égf}?%e%trat pt)lber_ctuﬁgl erdr%%?f;‘th? ﬁ%avéqgadﬁft%r Sﬁ P}ei%(gﬁs,
they are connected tagether by.two 15 snmall arcs r.2. This. hel ps. performthe
Ut T i mo. andPIRUTey offit Ras AT g ShtParer aP Ui cufine adfesstabs BB SR 2 An
al so hel ps prolong the working.life of the cutting edge of the shavin
cutting 22. g lf&s%fpaﬁr@& wFwaat%H@ Kloangrihe antsing snstt of tﬂ%eumﬂg PeReMBARiMERL , in
which the wdth at the bottom of the shaved groove 5 is determ ned by L1,
permits eashiistentadimeny dstermingd apprapsintsly Accorting tedheserigs angly ob g suttesvhep] 4ane
second enbodi nent, the shape and di mensions 20 of the cutting edge,

speci fi cal | 3nditheethickness of the depositedifibn 1a. arla othst esdpectre ihcludingdiom serikgdlines are
according to the edge angle of the cutter wheel 4a and the thickness of the
deposi t ed fformed, the second smbedimeats pedtssin theysarelimagnétoay the rfirigeintiodimesnt, aand
fornmed, the third enbodi nent works in the sane manner as the first

enbodi ment , themfbr¢ treerlepongexplapaticap pilhgpt &x pdpeatad.i ons wi Il | not be repeated.
-19- Figs. 5 and 6 show the cutting nethod of a fourth enbodi nent of the.

invention. Fig. B§adb) showssheeuttinge methodwif Aghiidembodiapasaoft thel idviehtionl ald drened
on the glass substrate I is cut by two flat-plate-shaped cutters 32 and

32' arr angefiirs @mbsdiinend, drefetaeiof dlidi@Eorddrenibodinient ist farth@rdeoclopsant Spexifitafy,g.
5(b) is a front view of the Fig. 5(a) as seen fromthe direction indicated 5

by an arr ovhdré)eth€ickoss-kéttibhdl Shepeof tH¥ediittingt edger dtNgle tipeoethg &heind catedrt 2r iswheel
4a i nto contact
composed of a linear portion with a width L1, which makes contact with the surface of the
glass substrate 1, and slanted portions with an opening angle 6 1, which cut the deposited film
la. Where the linear portion meets the slanted portions, they are connected together by two
15 small arcs r2. This helps perform the cutting and shaving of the deposited film la with
satisfactory results, and also helps prolong the working life of the cutting edée of the shaving
cutting 22.  As compared with the second embodiment, the third embodiment, in which the
width at the bottom of the shaved groove 5 is determined by L1, permits easier sett_ing of the
dimensions of the shaved groove. As in the second embodiment, the shape and dimensions
20 of the cutting edge, specifically the values of L1 and 61, are determined appropriately
according to the edge angle of the cutter wheel 4a and the thickness of the deposited film 1a.
In other respects, including how scribed lines are formed, the third embodiment works in the

same manner as the first embodiment, and therefore overlapping explanations will not be

repeated.



with the glass surface of a glass substrate | when it is scribed, a shaved
groove is formed in the deposited filmla by noving two cutters, arranged
substantially parallel to each other and kept in contact with the deposited
filmla, in the direction indicated by an arrowin Fig. 5(a) so as to cut
the deposited filmla. For exanple, the-isw cutters 3 2 and 32' are forned
so as 10 to have a side shape as shown in Fig. 5(a), are arranged with a

cutting angle a 5 QRd & & Yhe RRING MBHKMADS I ToltEehRIAURer® bf the GhveRNAPIFgg. from
20" to 50" according to the thickness and material of the deposited film

la, and areshpyadideaidd LRwithdws dopRis SHPEL foith&d bn A8 'ﬁgkﬁeﬁggflii%t}bge s

arrow while being pressed against it so as to cut the deposite

shown in  H.g g (j?%%-slaaéed i de 3b helf{gd32e @88%&{32%5[5 as ig?%lﬁ}%a( S@Jer 4 tk?engoume

i nclination ang tween the two C are s

det ermi ned that. th .h - L o B9aitddfion &
eterm ne én%got 1r}1en?0age18' ?? . g{bf) ¢ frgﬁltv}l]eev% %%mggﬁo%w gsgse]%ﬁ? Fr'ﬁ{nll tggle%g?rhgid?Céffpt h

substrate 1] es n €re Wt

enbodi nept,, even after.th eposited film.da is cut.by the twg flat-plate-
Shaped cat 1 B s fhgreiny n HFESRidGert ot Fing St bt bute” mieel R B eARaR
waste strip | b as sho in Fiag. b), and therefore this waste strip b
needs to bewgmﬁve%&assfﬁf?%m?P@ﬁ?gwggﬁf%fe 4 Vsn dloWASThed adr i & 8oPKS is tpenéd in
achi eved, for exanple, by shaving off and renpving it with a shaving
cutter, as HRdeRpTECdHBWH hnmpyige Twy etters) arpanggd substantiadly nardlel toreach Qtherpnd
cross section  and having a bottomw dth L | equal to or slightly smaller
than L2 shokgpt incomtagt with Fye depesited Slm flaiptthe dirasten indicated buiteniargwandis R4V ng
are perforned in different steps. This, however, nakes it possible to cut
t he deposi t ksft¢ cyhtheadapositedSharlal yFemexample, thaewe icuttars $andi2’ dre-fpgmed so as
enbodi nents. Thus, even a deposited filmas thick as | to 2 nmcan be cut
wi t h satlosf@diaes y sidejubdpetay showrc int Figu¥(hpeesarrabvpadewitte b cuiting iasgle e spplopeately
purchase the cutter cheaply by using a well-known, comrercially avail able

cutter bl adgeteimihedsin Shovdngk vfHo@ eRampie Ofrord 2R AVWS50P B dzdihg ith GheRidRacks Afnda
fifth enbodi ment of the invention. This 5 enbodinent is a further devel oped

version of Hherifl i uepaiiRdinTRNG; anﬁpﬁ@h%i/éaaﬂalréﬂel Roie glass substrate 1 as indicated
by the arrow while being pressed against it so as to cut the deposited film la. As shown in
Fig. 5(b), as in the third embodiment, the interval L2 and the inclination angle 62 between the
15 two cutters 32 and 32’ are so determined that the edge of the cutter wheel, when scribing the
glass substrate 1, does not interfere with the deposited film la.

In the fourth embodiment, even after the deposited film 1la is cut by the two flat-plate-
shaped cutters 32 and 32’, the deposited film 1a remains in the form of a waste strip 1b as
shown in Fig. 5(b), and therefore this waste strip 1b needs to be shaved off and removed in a

20 downstream step. This is achieved, for example, by shaving off and removing it with a
shaving cutter, as the one shown in Fig. 4(b), having a trapezoidal or C-shaped cross section
and having a bottom width L1 equal to or slightly smaller than L2 shown in Fig. 5(b). In the
fourth embodiment, cutting and shaving are performed in different steps. This, however,

makes it possible to cut the deposited film la more sharply than in the first to third



cutting, shaving, and scribing are perfornmed in this enbodinent is the sanme
as in the fourth enbodi nent except that a cutter 42 as shown in Fig. 7 is
used instead of the cutter 32 shown in Fig. 5. Accordingly, a left or right
side view of Fig, 7 is identical with Fig. 5(b), and is therefore omtted.
Whereas in the first to fourth enbodi nents the cutter permts the cutting 10
and shaving of the deposited filmla onl-goikn one direction, i.e., in the
direction in which the cutter noves, in this enbodinment the cutter 42 is

given a si dempdiRentdS T Wed B dEpoSited FilflasdMick hP1 REY Mirt cafl BE Lht\BitdaBiGraétBryt he
|l eftward and rightward directions as seen in Fig- 7 wwthout requiring a

change in thenar fna@ug‘%ﬁ@ﬁtes.OfMBngvé?,Uittti@f)os‘é\liﬂfeﬂtotﬂ"u?ch%kkt fhk RQn & Ehegdy g? usifg a

changed. The cutting angles 61 and 62 of. the cutter 42 are so determ ned as

to offer th%elﬁgﬁdaiﬂs%&&e Hﬁw %%ﬂ?tgea%ghﬁﬁgbha@tsh%& intf?k%.t hi ckness and

material of t osite cutter I's used to cut in
both directions,gth i e nd are usual L.y, set egual ~to
each other. The %%‘azi%é&gﬁggrcgﬁg%arﬁetg?dlp ﬁea t\}vg%teén bg lrr?eﬁ?log){?es mﬁ’é‘r‘t?oé’r nelitlj."s
separately in the l.eft d and rightward_directions i,n a ner. simlar to
Chat used i FRbdnps,if er BhiSoH ohieVeergn o e, B fidbadindhe n S HRGEAD. SPVa
si xth enbodi nent of  the jnvention. In this 20 enbodi nent, a shaving cutter
52 conposed®Biié skayinge indhfesinessse, PerRimad Hb ifesmBRimeny is Bo ame as fistbe y of
the cutters used to cut and shave_the deposited filmla in the cutting
met hods  of SHpRAIME SRcoppthpt 3 ites 4D atishosntia Fimb Joip nerddngiendvd theegptise3 ashieitied to
the cutter blade 52a of this enbodi nent. The hol der portion 52b serves as a
handl e t hat inHggds tArsordinglnre Ipft g5 aglyxide vipw wf Fige 7de jrteatieab avithi Hign 3(B), iead sut
and shaved. In addition, by unifying and standardizing the -21- |ength and
t he cross- sthetefasmamittadap&hereas knethp dirs¢o foyathtembadisRbts the eutiex perpiits thenquging
rectangul ar shape havi ng predeterm ned dinensions, it is possible, where a
deposi t @ f addwhawng of tharddposithdifibul laionly it loee divestiongi. ecuin it difs2tién jnewshitinthe j i g
or machine, to use any of the cutters of the first to fifth enbodi nents by
i nt er changi ogtet hemespim thissinbgtiengnt the@nttered2his gaven 5 siflke shdpelad shovpomtHigr7 &245 i s
formed preferably of an appropriately elastic material, for

to permit cutting also in the leftiward and rightward directions as seen in Fig. 7 without

requiring a change in the arrangement of the cutter when the cutting direction is changed.

The cutting angles €1 and €2 of the cutter 42 are so determined as to offer the optimum

15 cutting conditions that fit the thickness and material of the deposited film la. When the

cutter 42 is used to cut in both directions, the cutting angles €1 and €2 are uSL'xally set equal to

each other. The shaving and removal of the waste strip 1b i§ performed separately in the
leftward and rightward directions in 2 manner similar to that used in the fourth embodiment.

Fig. 8 shows the cutting method of a sixth embodiment of the invention. In this

20 embodiment, a shaving cutter 52 composed of a cutter blade 52a and a holder portion 52b is

used. Any of the cutters used to cut and shave the deposited film 1a in the cutting methods

of the first to fifth embodiments described above may be adapted to the cutter blade 52a of

this embodiment. The holder portion 52b serves as a handle that holds the cutter blade 52a

when the deposited film 1a is cut and shaved. In addition, by unifying and standardizing the



exanpl e resin such as Duracon or Delrin, or nore flexible rubber such as
silicone rubber or nitrite rubber, or, in sonme cases, wood. By so doing,
even if there are variations or the like in the thickness or hardness of
the deposited filmto be shaved, the elasticity of the holder portion 52b
absorbs variations in the resistance to g tting and shaving. This can be
used as a 10 safety nmechanismin a cutting'apparatus to which the techni ques

of this enmbodipent are applied The shayjng cutter 52 may, bhe given

ol asti oi ty BRBEH BRErars SRREnT b8 Ht o TOHET Pogih oat 4o e alid v fer damlat gs.
15 and 17), which will be described |later in connection wth ni nt h

embodi ment | ShepEe HEing Bregerhaect dimeanon distRSebie: Efes%S%F@S‘E%’eg'Gérbb&‘i‘tt@é film
la in the first to sixth 15 enbodinments_is forned of a conmon material,
such as carPavediwith thershaying eutien 52 dixed £9 & Jig ostmachineste use ary of thecuesrealf By heat
treatnment or the |like as required. However, there is no restriction on the
mat eri al of firstte fighembpdiments by mtesehapging thamapppr singls jigt aimachioe. and shave vari ous
deposited filnms |a made of different materials and having different

t hi cknes§es. Morkeveider potiien $ab tiseformed prefepabdyibf amdpmbpniately kiasttbepoterisle forf i | m
la in this enbodi ment has its cross 20 sectional shape, such as shown in
connect i on edampletragn udhsts aradanfdr Dedriv) @d mvea flexible aubbed suchl B Rdicomnrbkéresrded

| ength. This nakes it possible to grind the cutting edge again and again

and use t henitll@f®bérpbr, én bongedsesp Blobdd. ByFéOdoifl, ThET thdie€ ae Wiatiativ@s e tHedikeof a
sevent h enbodi ment of the invention. In the <cutting nmethod of this

enbodi nment , ini the BHickABSt dr&AMNSSseT thE deositdd SIed tdbé shavéd)@hdIBRARILY ®F thd hdlder0
-22- la is shaved and renpoved in the sane manner as in one of the first to

si xth enbodjdresi b MBEst6d VRRH-ANRWR restfick td GadidgandisRavidle finlsan bOusddsh
enbodi nents, as shown in Fig. 3, the deposited filmla is cut, shaved, and

removed 150 @ft} ChebRniBn ird Qacﬁ&girg%fpg%ﬁs o ivghi{)hh fhe AORRRIES OF i |e%!)ﬁg1eﬂp gret hEN

a scribing nmeans is nade to ro | ong the bottom 1c” of the shave
applied. The shaving cutter 52 may be given elasticity by exploiting the action of coil

springs 77a and 77b (see Figs. 15 and 17), which will be described later in connection with a
ninth embodiment.
The blade of the cutter used to cut and shave the deposited film la in the first to sixth
15 embodiments is formed of a common material, such as carbon tool steel or martensitic
stainless steel, hardened by heat treatment or the like as required. Howéver, there is no
restriction on the material of the cutter so long as it can appropriately cut and shave various
deposited films 1a made of different materials and having different thicknesses. Moreover,
the cutter used to cut and shave the deposited film la in this embodiment has its cross-
20 sectional shape, such as shown in connection with the first to fifth embodiments, formed
along an extended length. This makes it possible to grind the cutting edge again and again
and use the blade for a longer period.
Fig. 9 shows the cutting method of a seventh embodiment of the invention. In the

cutting method of this embodiment, in an upstream step prior to scribing, the deposited film



5 groove 5, i.e. along a strip-shaped region on the glass substrate 1, while
pressing it so as to forma scribed line 5a. In the seventh enbodi nent, the
gl ass substrate is cut apart by scribing the surface thereof opposite to
the fil mdeposited surface thereof As shown in Fig. 9, the glass substrate |
is secured on the workpiece stage 3 by.gn. unillustrated securing neans
such as vacuum chucking, In the workpiece stage 3, an 10 elongate opening

3a is formﬁblg%hmarnfa %rh@ve Gh it ngﬂnl mtr%sﬁrpo&cgf@%lﬁraemg%&ﬂ% éaﬁ,%g&e of

the gl ass substrate is e a scri o |s or e

the bot t om gy a6 g0 %%&Jaﬂf r{ﬁ‘é’sér& bt eHng*%th{%I sl @%%a?‘ethg

t he shaved groove sur ace o YT

one of the t ho de crlb ection, wit

nbod ment Seoaes FBREE iy AEC sAipE PR oty M0 ob it o e groBHe Se 161 ng
step, a pressin pplied to the syrfac siite tq that on which
t he scri bed®PPH d%@“ﬁ%@ﬁ’é&‘?@ SeriRips f“ﬁ%nsc‘? 5’8%’ 70601??‘8&) g?r‘ﬁoﬁ% 1F|°F|&‘ed@)’€'1iops
until the gl ass substrate breaks apart- In methods in which scribing

perfor med OHOY§e>» b6t 3IORA # StEPThaReA dedipm 0B thegglass wrbstrateo: ydleipressing ‘to%’rfésti’t ed
filml a, in the cutting step following the scribing step, it is necessary
to apply a foredssaiged éme%aanhl thet sevensh zmbgisest; She) glasasebsirpignis et part e
surface thereof opposite to the scribed surface. Thus, for exanple, in

met hods i n sehbiogthelserface thepred oppasiteitsethe filmedeposited Sflrﬂlmtblgpzfm ted surface, of
the glass substrate is placed directly on the surface plate and a load is
appl i ed t her et o AsrshowaboVeg. 9y the glgss sslsstate I Bl seeured phehepwerkpiecrystiger by appl i ed
to cut apart the glass substrate may destroy or deformthe deposited film
| ayer pl aceadildistrated |sycuning t heanswsuklpias cercainagrbuckiyg. c dat thasworkpiecet ktege- 23 an
cutting nethod of the seventh enbodi nent, a pressing force exerted by a

pl at e- shapedonghteaspening 34 isdfoftiedatorpetrhi€ Eheasddlfihg ehehrs 4 toeschibathe batish durfRBIfoNs
of the shaved groove 5 can be applied in the direction indicated by an

arrow B so @8ghs subtfa@dt I Anehi® BmbodEimReY b 8¢Hibled Gin®Fc tshBrmé&d e bk Vi face

shown in Fig. 9. This permits the scribed Iine 5c to develop vertically to
of the glass substrate 1, right below the bottom 1¢ of the shaved groove 5 formed on the top
surface of the glass substrate 1 by one of the methods described in connection with the first to
sixth embodiments.

15 In the glass substrate cutting step following the scribing step, a pressing force is
applied to the surface opposite to that on which the scribed line is formed so that the crack in
the scribed line develops until the glass substrate breaks apart. In methods in which scribing
is performed on the bottom 1c of the shaved groove S formed in the deposited film 1a, in the
cutting step following the scribing step, it is necessary to apply a pressing force and cut the

20 glass substrate from below the surface thereof opposite to the scribed surface. Thus, for
example, in methods in which the scribed surface, i.e., the film-deposited surface, of the glass
substrate is placed directly on the surface plate and a load is applied thereto from above by a

press or roller, the pressing force applied to cut apart the glass substrate may destroy or

deform the deposited film layer placed directly on the workpiece stage. By contrast, in the



5 achieve cutting. Thus, it is possible to cut apart the glass substrate

W t hout pressing or touching the deposited filmla. Figs.~ 10 to 13 show

the cutting nmethod of an ei ghth enbodi ment of the invention. This

enbodi nent is devised to achi eve satisfactory shaving and renoval of a

deposited film before scribing when deahing with a glass substrate having a

relatively thick deposited film 10 about 0.05 mmto 2 mmthick, typically
Here, the

such as a resin fi formed thereon.. , dvant ages, of the shavi ng
cutters useﬂﬁﬁmﬁ fnﬁg‘o iorfg&he and wLe ??8“‘8}%8%& RERYE i?fée o) ‘?edng%l 2 P%ﬁés?‘ﬁ%erd;
speci ficall t he. shape .of the cutii edge ,used in the first or second
enbodi nent %/‘Jgssmlgdfgn%rdgfﬂlter Gﬁsap edrt&}h?jgga? ?fg‘ﬁgﬁlfﬂslo%’f’éﬁh? éf‘a.“’e B LVBer ¥ t he
deposited fil o be shaved ,with better results. 15 Fig. 10 shows a front
view and a gqu]@c} kﬁtgﬁ/d’é?“‘f’ﬁé“dé‘f?&“\?ﬂﬁga“&ﬂ%ﬁ sg 2 iserncsiraienprsthe Sl phithe A
round- bar-shaped material, such as superhard alloy or carbon tool steel, is
f ormed i nt oshergd gpeysel cohowmén Eigadi nghis germits theryeaibedcting o develapvertically tof t he
round-bar - shaped material is determ ned appropriately according to the

t hi cknes$§ odchiene cugipgsi Thag, itiIs raopwble fe cuhapastdtheagiabsi substiats withdyt Hessimgl® nm
The synbol F represents a flat holder portion that is 20 formed by cutting
away a por t foochingf th¢ Hepositeddimfler ence d | parall¢l thereto as shown in Fig 10.
The hol der portion serves as a reference surface relative to which other
portions are forFigd,0 tarld shbwahe euttieg neetfoduftanogigieh rimlbadinteat bhede iafentibe

hol der portion 52b shown in Fig. 8 The total Iength L3) of the shaving

cutter 62 i Thisembsdi@ediindeviged tbachibte datisfadtbriydhsviby anditeaddviltofiasddpeiid finad t he
apparatus on which it is used, and is set equal to 35 min in this

enbodi ment . be?&e-saﬂbingrs havndéaling hathfd glads sibfmteofavirgla relflive thildR\deptitdd ae
having a substantially V-shaped cross section with an opening angle of On

is formad fjHMm 805 HMH 184" Al ik éjdww R B9a ¢&id @lm SRrmeY Blerédn! €ABeNtHe4-
The value of On will be discussed in detail later. The blade length L4 is

det er mi ned jdyafihges'RNREsHlink QR Used AP tHIMRACHRT Leol LRbddiRediBLE! dodlbifad
t hi ckness of the

together; specifically, the shape of the cutting edge used in the first or second embodiment is
formed out of a round-bar-shaped material. This permits the deposited film to be shaved
with better results.

15 Fig. 10 shows a front view and a side view of the shaving cutter 62 used in this
embodiment. A round-bar-shaped material, such as superhard alloy or carbon tool steel, is
formed into the shape of the shaving cutter. The external diameter d1 of the round-bar-
shaped material is determined appropriately according to the thickness of the deposited film to
be shaved, and is typically 5 to 10 mm. The symbol F represents a flat holder portion that is

20 formed by cutting away a portion of the circumference d1 parallel thereto as shown in Fig 10.
The holder portion serves as a reference surface relative to which other portions are formed,
and also serves a function similar to that of the holder portion 52b shown in Fig. 8. The total
length L3 of the shaving cutter 62 is so determined as to fit the member by which it is held

and the apparatus on which it is used, and is set equal to 35 mm in this embodiment. As



5 deposited filmto be shaved, and is set equal to 7 mmin this enbodi nent.
The portion of the blade groove |located on the right of the portion "i"
shown in the figure is formed as an arc- shaped groove with a mld curve R3,
and serves to snoothly eject the linear waste strip | b that has been shaved
off In this enbodinent, R3 is set equal'?6‘39 mm The curve R4 of the
bottom of the bl ade having a V-shaped cross section is determned in the
range from gievatinthe Gon vigw jof Fig. olc arstiaving blade hevingma spbsantialy Vi hepddneass of

t he deposited filmand the dinensions of the scribing cutter. In this
enmbodi ment , seRdon witk@n opepieg angle of &n wrformTddefromtaniend sedlape of nlsesheving cltter 62

desi gned to shave and renove the deposited filmconpletely, and is therefore

so formed &ferblenzfVis t iThealle®F 08 wiRBe d3Bussdl in\iRtaStIAGES - Thee Blaldk Ghethlis AN
13, t1 represents the distance fromthe cutting edge to the boundary

between 07 ahdn@fd id fﬂ?e Hﬁéé‘b# foR LroSTPMR ic@or:kﬁ'lgatg\{h@‘t‘ﬂa&ﬁglna drtﬂmcﬁéa?of the

direction Cin Fig. . I'n this enbodi nent set equal

is set egua!iegkggﬁg%n t@ggihgged §n(§§tsgeegﬂf} to tﬂﬁrrdf t‘hls%ﬁ %ﬁtrﬁenpg ’fh% pgqué Iof B’% as

smal | as abo 0SsSi Ive tip

| at I hi ti f t h
per for manseon FeotaBeasd o e e Q%Pg%@"‘th T X s?aecs&één%oﬁvl 5
equal to 40' to, secure, suff. |ent ani cal strepgth at the cuttin ge
the shavi ng 80Tt @Poverti3 miEoie ﬁﬁlé‘eﬁé%s%?mf"&eel"éf b eabens FORdDw 11

be descrlbe th the foc ced i,s illustrated in the fi ures
Pro Tl niakben dseratausdodd « Ba 3t FwPaJimF'e} i th e ok i, et (e K 0
shaved and renoved Eé g sh vi.ng cutter 62. The ang Ie 09 at which_the shaV|ng
cutter is ateapEmof@r bladyhavings Keshaped seoss sastipn mdéte&rmnﬁ%gp%ﬁe@g? Bomphoytake
angle with which -25- cutting and shaving are perfornmed, and is determ ned
appr opr i18t ey to h“tf%éccro&iﬁ'@etod%e mashplamd thigkness oftbodenopitediiimiand thadiprpsians and
material of the deposited film In this enbodi nent, when this angle was set
equal to 430f the scribing itk rlnthisrembadiaent Rdoisi seleeriuri tonP-femm ¢ uTheapuitings pdgged

with satisfactory results. Fig. 11 shows how the shaving cutter 62, while
movi ng in needsto be designed to shave and remove the deposited film completely, and is therefore so

formed as to have tip angles 67 and 68 in two stages. In Figs. 10 and 13, t1 represents the
distance from the cutting edge to the boundary between 67 and 68. The details are shown in
15 a view seen from the direction C in Fig. 12. In this embodiment, t1 is set equal to 0.3 mm,
67 is set equal to 30°, and 68 is set equal to 40°. By setting t1 equal to as s;nall as about 0.3
mm, it is possible to set the effective tip angle 67 relatively small, i.e., equal to 30°, to achieve
satisfactory shaving performance while setting the tip angle 68 in the cutting edge -portion t1
equal to 40° to secure sufficient mechanical strength at the cutting edge of the shaving cutter

20 62
Next, the workings of the eighth embodiment will be described with the focus placed
on what is illustrated in the figures. Fig. 11 shows how a deposited film1la formed on a glass
substrate 1 is shaved and removed by a shaving cutter 62. The angle 69 at which the shaving

cutter is arranged relative to the glass substrate corresponds to the rake angle with which



5 the direction H, cuts and shaves the deposited filmla. The waste strip |Ib
shaved off is snoothly ejected al ong an arc-shaped groove nmarked as Gin
Fig. 10. The pressing force wth which the shaving cutter 62 is pressed
vertically downward agai nst the surface of the glass substrate 1 is about 1
to 40 N. A stronger pressing force produéés a scratch on the gl ass surface
bel ow t he deposited film which adversely affects scribing. 10 Now, a

descri pti oncwiidg andeshgyving are perf@meslh anihisideteFmimed Afpropridiely af theempe df drobr 85° 12,
which is an enlarged front view of the shaving cutter 62. The opening angle

03 formed by a3°hRcditing itd eheelBRnedl ahd)naddidl b the Cdebbired Gimi SII@LEEBJAgRertN t he
range of fromb50 to 140 according to the tip angle of the scribing cutter.

The openi ng o dj NG 3.0 .1 fr.omthe cutting
cdge | s mmqunERf e Rt ERah B £1 pRRRS, Rboot Seba hOTLA FRE I BEHY ' TR
pur pose and _,advantage. of maki 04. spmller than 03 will be described wth
ref erence twaﬁdg‘.““i%?“éf’tafy rfgﬂgs 185 t‘l?od’Yfaﬂo"(/{g‘@\Rﬁ%"f“gc FECE Bt YN8 Bt he
shaving cutter, 62 shown in Fig. 12, taken along Line mn, as seen from
above. vt hieAicestian Ky it app ghgves &Jﬁedﬁp?%téd imyiang Thgvyaste 9P Abvbaved ipfk He
direction Kto cut, and shave the deposited filmla, it forns an angle 52
rel ative toSmenshly giecied Glane s are-ghepedrgroope aweirdeaasd? in Figs 18ngTee Bressing fpess t o
20 increase what is called the shear angle in the theory of cutting, and

t her eby per with avhidhethe gaying qustar 62 inpressed eetigallyadevnvaad egaingt tthe pusface pf the
results. In experinents, a 1 mthick resin deposited filmwas cut. and
shaved wi t hglassrsubstrpteet iscahtout g ¥RV ndy strongealprdssing femel prdticds ragscragehadi the t han
when no 52 was present, i.e., when 03 and 04 were set equal. In this :
enbodi nent , glhsrsudacabplbw, thavepnsi®d filmsviset advepsely affect8@ribing 03 was set equal to
84, i.e., with -26- 84 snmaller than 83 by 4, the deposited filmwas cut with

t he bestior esul t sSNowandldesasptibascitli feegiverbo@n siedwiDEit Figo Mp avithlrkférenad tsFigctipry
cutting quality was obtai ned when 84 was made snaller than 83 by an angle

in the rangghgh if £408MIBeddOfréht vIdEof MBSRMEIEMePE2 C UHel dMRning YARLIL bY faGltieyed by
maki ng the openi ng ang%e 84, at a distance fromthe tip og ?%e shavi ng
the cutting edge of the shaving cutter 62 is determined in the range of from 50° to 140°
according to the tip angle of the scribing cutter. The opening angle 64 measured at a
distance of 3 to 10 mm from the cutting edge is made smaller than 63 by an angle in the range
15 offrom3°to 6°. The purpose and advantage of making 64 smaller than 63 will be described
with reference to Fig. 13. Fig. 13 is a sectional view of the cutting edge of the shaving cutter
62 shown in Fig. 12, taken along line m-n, as seen from above. With 64 smaller than 63,
when the shaving cutter 62 moves in the direction K to cut and shave the deposited film 1a, it
forms an angle 52 relative to the cutting direction. The presence of this angle 52 serves to
20 increase what is called the shear angle in the theory of cutting, and thereby permits the
deposited film to be cut and shaved with better results. In experiments, a 1 mm-thick resin
deposited film was cut and shaved with far higher cutting/shaving workability and cutting

quality than when no 82 was present, i.e, when 83 and 64 were set equal. In this

embodiment, for example, when 84 was set equal to 80° and 83 was set equal to 84°, i.e., with



5 cutter, smaller than the opening angle 83, at the tip of the shaving
cutter, was observed nmarkedly with a resin or rubber-based deposited film
0.5 mMmmor nore thick. In Fig. 10, 51 indicates that the cutting edge is not
per pendi cular to the circunference of the shaving cutter 62, but is
slightly inclined inward fromtop to bottgmas seen in the figure. This
nmeans that making 83 snaller than 84 res&lts in producing 81. On the other

10 hand, in,Fig.,.12 8 . 8 h i Gt | | Vi f g d
10 a0 ! ol BB e B0 b SR R R S R

exanpl e, when 83 is set equal to 84 and 84 is set equal to 80, even if 87

is set equaPbqe slnoshgomppratly satisfecien| cutingaguality magobtaipdayiben) 94 wagsmads
equal to about 22 and 06 is equal to about 31. As described earlier, the
shavi ng cut seslle2hdnsbpbydnaagieby thorangaef droheat td seatEisl impravementt &f ¢uatingsuch
as superhard alloy or carbon tool steel into its shape and then subjecting

it to heat gidli@ahdidved @ktnhmngom_l;xbpa{ing 1€ 04 tdt R ALHES Ry tHR t§Néf thekNavinghe
ei ghth enboglnent is characterized by the shape of the shaving cutter "used

tos h'aye St h utg? p&%lltere ghaEn gg@}ogg'grg %r&%]?r\ga 6{/ tl{e?‘ti > :oléﬁ%gs agiglg cLH?ri %&ars E%E%dﬁ;ep

foll owi ng the shaving s enplifie

first enbodi nent, or..the.nmeth f the sevepth gnbodi nent.. 20 Next, as a

ni nth enbod %lyc‘}‘f‘thtaﬁgsl? ﬂ%ﬁ%rg’ﬁ?ed echthﬁl& %SB%W 9t MRreAMB oyi ng t he

cutting nethods of the first to eighth enbodinents wil| be described. Fig.
14 is a di agr am IiFig.uls phindirgtes fhat H}eéﬁfﬂns&é@ B0t prepeadicuiantp the piagumiergnce

enpl oying the cutting nmethods of the first to eighth enbodinents. Reference
nuneral 66 pEpecbeaying cuftes 2 butnig slightly inplznedHaward fsem iten trgbotiom aeseeantithyr a
shaving cutter provided at the bottom The scribing unit 66 noves the -27-
scri bi ng cufigee. afikls nivensthatvinalgng A8 tsmalldrrtban 84 theultsan pretiucing 63 eeOnithe other
figure along a guide rail 67 conposed of a well-known ball slide or the

l'i ke whiloe PifRSS Fig (1)@ a0t BB ade FHoRGEh Q RERE vibWH and@lolsd the cEttRg Sdge as
substrate | by the use of an unillustrated well-known pressing nmeans

expl oi ting El%grfﬁ{tg‘é dREGRAWY © THROMBINS BRE FoPbamBleERALH 6 issBeqlfith B4eRaB40T @

spring, or t
is set equal to 80°, even if 67 is set equal to 30° and 08 is set equal to 40° in Figs. 10 and 12,
05 is equal to about 22° and 06 is equal to about 31°.
As described earlier, the shaving cutter 62 is produced by forming a heat-treatable

15 material such as superhard alloy or carbon tool steel into its shape and then subjecting it to
heat treatment either only at the cutting edge or in entirety. The eighth embodiment is
characterized by the shape of the shaving cutter used to shave the deposited film and by how
it is shaved, and the scribing step following the shaving step is performed by the method
exemplified by the first embodiment or the method of the seventh embodiment.

20 Next, as a ninth embodiment of the invention, a cutting apparatus employing the
cutting methods of the first to eighth embodiments will be described. Fig. 14 is a diagram
illustrating the front face of the cutting apparatus employing the cutting methods of the first to
eighth embodiments. Reference numeral 66 represents a scribing unit that has a scribing

cutter and/or a shaving cutter provided at the bottom. The scribing unit 66 moves the



5 In the exanple shown in Fig. 14, pan of the scribing unit 66 is fixed to a
timng belt 65. As an unillustrated driving nmeans such as a notor rotates a
pulley 64, the timng belt 65, passed around the pulley 64, travels a
desired distance along the guide rail 67. In the diagram the scribing unit
66 is driven by the timng belt; however7it may be driven by a conbi nation
of an well-known actuating neans such as a ball screw and a notor and a

control ler sém%gsélfde}"%d the sHainp cﬁﬁ@fsﬁdé 58010 ﬁdé"@ar %0 RCRe BEAYRIRS %ﬂﬂ rdil
support stand a are formed integrally. In the workpiece stage 63, suction

holes are fscrceﬁgos\éem%lumo@a bﬁpgf&mr'tl?etlﬁ(emtﬁ&ep?esgﬂ%ow fth bpfedeRtARE

substrate | to be secured on the top surface of 'the p| ece stage 63 by an

uni | lustratged , ﬁgﬁgpé lgﬁgs RS qug’htl@susggq(g%gr’qnﬁp}gﬁgth@gﬁn i'fngcrﬁeaﬁ age

63 and the sup and a are rotat om above
or bel ow Fi n_of rotatin edlns e the
chassis 60 eg%l\o%ﬁé ﬁgdrtalgﬂ% n%gés tac%rpprg se(g616 PLesS sglr %he re512Fncte atsang & Cghe hl?e t he
chassi s 60, IS noved rd of gen in the fi ver
oo req > et aataf S Y e & g Sﬁrﬁéngctﬁataié Figgy tgnmgr?eﬁ%ast e ed
driving neans uch a . notor d an unillustrated controlli .

descri bed dB&Y ““f“rﬁ%‘ﬁ@”%‘f‘?@ﬁd“%ﬁaﬁ’&?@é rofgtes 4 pd Feycéﬁb@aﬁ%m Q‘giﬁ% Pé?sFQJi ng
novenent of the scribing unit 66 and the 90" rotation of the 20 vvorkpl ece
stage 63 péfarne therpullgy & g’s“aé’ﬁlﬁétdreé‘f“é’ 4lsterefet9éon§éhq giide 13y §7he Ixthg iagram, th
directions, i.e., in grid-like pattern Fig. 15 is a diagramshowng in
detai| t he SeHting pajt 65 5fdrtvn@ by ¢hei Wniag balti hovewets Howdy pandrivengy alepmbanatian of base
plate 71 engages with the timng belt 65 and the guide rail 67 shown in -
Fig. 14 to2pewhiknownactesting meansciuribasrgballnrrewedd panasor agd 2 canfrallenthavdrijedt. ns t he
unit base plate 71 to -28- a scribing base plate 75. The rear portion 74b of
the joi M 74 i sAfdhassis GOna sugrkpidey stage 6hendimsuppotiated phadre formedintégraltyr els or
the like put through the unit base plate 71 frombehind it. The front
portion 74aheaworkpiaee stagaré3pauctiproholdsdre dfrmeth eertioallyt at Agproprigeplaeas tovpermitt the
scribing base plate 75 fixed integrally to the front portion 74a, can slide
up and dowglasysubbteatat to baseofrediosthedomgurface of the workpiece stage 63 by an unillustrated

securing means such as vacuum chucking. The workpiece stage 63 and the support stand

63a are rotatable through 90° as seen from above or below Fig. 14 by the action of a rotating

15 means housed inside the chassis 60. A C-shaped movable block 200 strides over the top face

of the chassis 60, and is moved frontward or backward as seen in the ﬁguré over a desired

distance at a time relative to the chassis 60 by an unillustrated driving means such as a motor

and an unillustrated controlling means. As described above, in the cutting apparatus of this

embodiment, the sliding movement of the scribing unit 66 and the 90° rotation of the

20 workpiece stage 63 permit the glass substrate 1 to be scribed in the X and Y directions, i.e., in
a grid-like pattern.

Fig. 15 is a diagram showing in detail the structure of the scribing unit 66 shown in

Fig. 14. A unit base plate 71 engages with the timing belt 65 and the guide rail 67 shown in

Fig. 14 to permit the entire scribing unit 66 to slide. A joint 74 joins the unit base plate 71 to



5 means such as a dovetail joint as shown in the figure or a well-known
sliding neans such as a ball slide. The front portion 74a of the joint 74
arid the scribing base plate 75 joined integrally thereto are kept pulled
upward relative to the unit base plate 71 all the tinme by the tension
exerted by unillustrated coil springs. Thg upward tension is stopped by the
tip of a mcronmeter screw 72 fixed through a mcroneter fitting block 7' )

t th t b | at Th t d..t
fione gdjuﬂlst aé‘?r e% e glralzea‘gsel y se?aertpﬁlglco\rr/’e i gé}fesjg{ gl £ oﬂxeéifmt%gﬁ yg% e Rt i ¢
ncl udi ng t base d th ertical on.,of .t he.,tip of
!the uslha\g/l n sﬁ@%&es gh f‘ﬁ%wssg ti% ?h Wgtgrr?gglbﬁ"g\éﬂt Ié%? Rlﬁggilﬁo&b@ﬁ’é{ é el;hS: er])g
base pl ate ther are orted shayi n ock bl ock
82, bgt h suégwté’ﬁﬁwa (g apd i‘ﬁg%éam%%é% fta % t?"éaseﬁsf ?rwﬂb@af%{@r B%E}P‘e
rotation shaft 15 On the scribing base plate 75, there is fixed a
support bl oa(ﬁ’%i ‘“ngaiqy\ﬁﬂ’]fl‘t?rfroé’éljpﬂ%‘t’ﬁﬂgf cap slidssupray doer basthe aption of a | sliding

screw engaged, each having a hook fornmed at the tip. Fromthese hooks, coil
Springs 77amay syctasardoveall jintiis shqven wghs fignre At wel-knewvy didingvaeangpuchieae ar e
screwed into the top of the shaving block 81 and the scribing block 82,
respecti vel ball plidet hil'ge dronypetior, 74 had' the Heivl A¢ abd dbk sgibimg Hasehplats C15i Joined

bl ock 82 are all the tine |oaded with a force that tends to 20 rotate them
count er - cl omkegradly thdvesatare kapt pdtedtupsardsiehafive 83thasnis bess plato i ah ¢heftmpnby the
right-hand side of Fig, 15. That is, the shaving nmeans 202 and the scribing
means 14 ar engicressedd by onthivstratedaddil sphiegs i Mbe upward temsiont ie stoppeaichyvths @p rodaat i on
is stopped by contact between the tips of stopper screws 80a and 80b

scr ew engagmicrovhittr ichev VR fiked droughna pivrémassfitihg bhrek 7sha\thegnibbase lplabel 7 and
the scribing block 82 and tips 79a and 79b formed on a stopper/pressing -29-

neans 790f i YRdmicorhdier seew D2 DCLsbASEfifd-adjest 48d apPhdpritdl et Sheavering] pasaivh of02 i s
pressed downward with a pressing force of about 10 to 20 N, the scribing

nmeans 14 i sthRlef@amit ifNIMATHE $8fiBilg BaRIARE 78 And HeCR Rl tdn df thedtigOf Me t hat
is, they are pressed downward with different pressing forces. Therefore,

the coil SPgatias R adthe S&MbiY Rednbdbotishaaby Set at

On the scribing base plate 75, there are supported a shaving block 81 and .a scribing

block 82, both substantially L-shaped, so as to be coaxially rotatable about a rotation shaft 83.

15 On the scribing base plate 75, there is fixed a support block 76, with which adjustment screws
76a and 76b are screw-engaged, each having a hook formed at the tip. From these hooks,

coil springs 77a and 77b are stretched to spring end screws 78a and 78b that are screwed into

the top of the shaving block 81 and the scribing block 82, respectively. In this structure, the
shaving block 81 and the scribing block 82 are all the time loaded with a force that tends to

20 rotate them counter-clockwise about the rotation shaft 83 as seen from the front right-hand
side of Fig. 15. That is, the shaving means 202 and the scribing means 14 are pressed
downward all the time. This counter-clockwise rotation is stopped by contact between the

tips of stopper screws 80a and 80b screw-engaged with the vertical arm portions of the

shaving block 81 and the scribing block 82 and tips 79a and 79b formed on a stopper/pressing



5 tensions that produce appropriate |oads for them The tensions are
fine-adjusted by screwing the adjustnent screws 76a and 76b into and out of
t he support block 76. A deposited film surface detecting nmeans 84, by
extending a spindle integral with a detecfor fitted at the tip thereof and
by the use of a well-known el ectrical dé@%éting means such as a linear scale
or differential_transformer, detects the vertical position of the deposited
fil m for medmesnst Weliggdatosthe erbipg thasa elates 7n Whide thei ghaing rmagany\20%dy pessedn

uni I lustrated signal cable. The tip 84a of the detecting neans 84 for

det ecti ng t$evnresdNithedl pressing sercé o abpy Fhrarddl Misthe seabing meapsid4 of presssidn
such as nylon or Teflon (R), and the detector operates with a sensing force
as | ow as Od@vrward wihtagmgssiog forogvef atmat aso ADN; tiat s¢ they ate messebownwdrd evith
surface of the deposited filmla. Fig. 16(a) is a plan view show ng the

mai N conpondifferents freviing fordes.g. THebefoeyelie &l §giimgs Ty iang) 715 abd dlvidbihily tskreat

scri bing block 82, the shaving neans 202 serving as a gl ass substrate

exposi Ngs nRadisns thdl @rodacd dppriprinRRacs Ik thand THeQeriao Sied Bf-adjusitd sykérahig
detecting neans 84, as seen fromabove. This figure shows that, as the

result of t{he d@Rasht Rebwsi 16A12881786 intd AndBaNSE tBé suppbADIRA%! NG dB8HRd 494, and
the scribing nmeans 14 being arranged in a row, it is possible to shave the

deposi ted f} ; h D84 tCexk ; i
D oot $yRe M SLUASBIB (g6 Sofin ) mtb MR

the operat | mg8Nehdey ik 185 0P g&cf{nq%gggtéi{;aicqpeagéﬁlg%&hs eucﬂia@tﬂix{%gp%gien&ni of

the invention w I's a front view show ng t cutting

apparat us Oéiffg}seﬁtéarll é@@s}}'&%&@i@{e@{ﬁhé %é'e{\%yl ??sggcﬂgpt‘?ﬁzg .e%%ggg?i%hg%gn%gipﬁtt#egglgsed in

the | eftnos 1on, 1. etecirn

deposi t fi urface ctli neans 84, .1 he shavi a 202, .- 3P- and
t he scrﬁ in%l%%%%%S%ﬁeggggggpdﬁﬁﬁg?%éégﬁévdﬁ?%tm?ﬁgnﬁgfgﬁur %%%ngaPngglass
d the scri | ock 82

SubSU e ke B B e T L S S AP e S5,
thi s count cRh POBKSR 25 THREoR Ge deBpbantg=: Mk Bipe s fresdp s o Ner ews
(newton) or lower so as not to scratch or deform the surface of the deposited film la. Fig.
16(a) is a plan view showing the main components shown in Fig. 15, such as the shaving
15 block 81, the scribing block 82, the shaving means 202 serving as a glass substrate exposing
means, the scribing means 14, and the deposited film surface detecting means 84, as seen
from above. This figure shows that, as the result of the deposited film detecting means 84,
the shaving means 202, and the scribing means 14 being arranged in a row, it is possible to
shave the deposited film la and scribe the top surface of the glass substrate 1 simultaneously
20 as the scribing unit 66 is moved along one path.
Next, the operation and workings of the cutting apparatus of a ninth embodiment of
the invention will be described. Fig. 17 is a front view showing the cutting apparatus of Fig.
14 in a state in which the scribing unit 66 is located in the leftmost, stand-by position, i.e., the

detecting tip 84a of the deposited film surface detecting means 84, the shaving means 202,



5 80a and 80b nmaking contact with the tips 79a and 79b of the

st opper/ pressing neans 79, and thus the shaving block 81 and the scribing
block 82 remain at rest. The cutting apparatus operates as follows. First,
in response to the first novenent command signal, the scribing unit 66
noves in the direction indicated by an a?fow Min Fig. 17. As the shaving
block 8 1 noves rightward, the detecting tip 84a of the deposited film
surface detadtthqeprivngrmmeads 1# arssalliocased awhfromlthestop sutfae rofitle glasarsubstiateckct s
the position of the surface of the deposited filmla. Then, the air

cyli nder prinvhidetdte] thetsheying Wpged |/ pdebsionbingedotk 87 Arechobdeddeath afodce that térids 79a
presses the stopper screw 80 to a predeterm ned degree so that the tip of

t he shavi ngorretaeshen? 0Gunts-chekwisatabalt tietrorasiof shafte83dy thé eenglbmsBths bil ssréngen t he
basis of the thickness of the deposited filmla on the glass substrate |I as
corrected armacndi7ng Hud tHideountsitldckwise eitRmtik eldpkid tyhle 1ips Btheslobpd stRABS 84.
When the scribing unit 66 noves over a distance L5 shown in Fig. 17, the

shavi ng peagun 40208 hdking corthétivith RBdpshavinagrob Re idepRstl sk fRaha7o Mhlaen
the scribing unit 66 further noves and conpletes a distance L6 shown in

Fig. 17, t ht‘ﬁuscfﬁEts]ﬁaYvir‘r(]gjﬁlg%k $#an@the {chbink ilbfbvchfSZtr@ﬁﬁigCart iéa‘it.ngl'l'{ggﬁﬂﬁgﬁa%‘p{rgﬁﬁaom 0

the top surface of the glass substrate eret eposi S

been shaved affe. TUBIGH | A0 PLRHD 2 AR Do Gl Wil cBRabonds

to rotate it counter-c ension o he col and
thus the cutter wheel .l Xer. its ti a predet erm ned .pr i

force acti n%mto%\/\rﬂc@\‘/éegg‘? th?ﬁé?}?&i? rnésczlf:aﬁgé b’f‘ Br %‘é“%’e“r Wi P?%‘elg](':r ?‘Bitlhe95%5¥lg% ﬁfaé%% gg
surface of the al ass strate 1. Fi 18 sha how the , shavin ns 202
shaves t he TRsdERRaF IS Ad 8 En b £55% 18 BPRES RIgY HelaiE cqis Tt s op
A I I A R e R B
of the scrihing nmeans 14 is formed as a roller like the tip of the

det ecti ng s ths 2 e B R HIPRRET/ PISES it FIERAS| InostndE s i Fadee
position of the glass substrate | or the adjustnment of the vertical position
of the tip RIFSSEi@e StopperisAgWibitior 2 araaet%fgur&feélefgfeﬁéo Shhdhertp ofthn shayins, maanys,

scribing of the top surface of the ) ) )
202 is so controlled as to reach the glass surface on the basis of the thickness of the deposited

film la on the glass substrate 1 as corrected according to the result of detection by the
15 detecting means 84. When the scribing unit 66 moves over a distance L5 shown in Fig. 17,
the shaving means 202 starts cutting and shaving the deposited film 1la. When the scribing
unit 66 further moves and completes a distance L6 shown in Fig. 17, the cutter wheel 14a at
the tip of the scribing means 14 runs onto the top surface of the glass substrate 1 where the
deposited film 1la has been shaved off. The scribing block 82 is loaded with a force that
20 tends to rotate it counter-clockwise by the tension of the coil spring 77b, and thus the cutter
wheel 14a exerts, at its tip, a predetermined pressing force acting downward. This pressing
force permits scribing of the top surface of the glass substrate 1. Fig. 18 shows how the
shaving means 202 shaves the deposited film 1a and how the scribing means 14 scribes the

top surface of the exposed glass substrate 1 where the deposited film 1a has been shaved off.



5 glass substrate | is achieved sinply by noving the cutter wheel 14a,
formed as a roller, while pressing it dowward. Accordingly, in the state
shown in Fig. 18, the tip 79b of the stopper/pressing nmeans 79 for rotating
the scribing block 82 clockwi se is not operating. In Figs. 17 and 18, there
is showmn an exanple of a dust renoving nmeans 85 The dust renovi ng neans 95
is a hose made of soft resin or rubber, gnd is flexibly movable 10 together
with the scribing unit 66. The dust renoving neans 85 has its opening

| ocat ed neafs &{lgnbseﬁ Qg tH?éh er wglgeclalqg aE the gglrtl r;cgé gcqc?qrrgggrl;qlg%ns 4 15 or{nﬁg ves to

remove particulate us uce uring Sh ot ude of
partiel 'J&r@@eeri% “E%@u‘g%%%%&ﬁg%%?ﬁs%h md?oa%’é‘%t‘*ﬁ@araﬁ%&erecgoﬁag@a srge
epos t od_ BROED B ¢REaAUbBUNT SR alDOHRET: 4 eV UiRbaa D) of TEekiodt 1

nmeans, |like G shown in Fug. éF’ provi ded in the shaV|ng means 202. For the
renoval of g vEiesl i 4ags, dogs LP§?'|V‘1‘$ RE23seABy e Thusrgriting of B9 iterosirfantebithat el y
behi nd the shaving nmeans 202. In Fig. 18, when the scribing unit 66 further
noves unii |glasheubgeatedtis aghieved sigwly @f mpHrag theequiter wirg! Msa frsmed as arallsr, ydiilew t he

surface position of the deposited filmla, a signal 20 indicating the end
of the scripsessiggsit aownwargendceerdiglyFimthe hiats shomm jmoFigt |18t ke spr79bi ofgthani t
66 further noves over a distance |onger than the di stance between the

det ecti ng tsiqppBpremsmg meahe’% fopravdtinghiee hbivug bigckr@aicisckd: is het. gpetaneg.di nensi on
L5 shown in Fi,-. 17. After conpletion of shaving, the tip 79a of the

st opper/ pressi ndn Fggn37 48d 1 8irthéreris shdvanalsexatpleaof a dyst irardeving) fders 8% h&he
control of an unillustrated controlling nmeans so that the shaving neans 202

IS nmoved - 3fst tepibaing, meakd)B ST is @hdsBensddr dfaso® @bint drerubbeds sndsisb@dxitay enclvabldhe
scri bing neans 14 needs to be controlled in a simlar manner. As wth the

shavi ng 10reaBgethdr RGthaBe $dibing URBSOS THe ORY reldvingehRas &5 hasNwaspeniag toRkited hiear
scribing unit 66 has noved over a distance corresponding to the distance L6
bet ween t hanélehRedg Mearsi 1028Ma BOAcitify iehaLI4 WAEServEd 3o SRV pattiduldle ddsf-
produced during shaving and scribing by the use of a negative pressure supplying means such
as vacuum. Depending on the particle size and the amount of particulate dust produced, a
positive pressure supplying means such as sprayed air may be used instead. The deposited
15 film that has been shaved off can be removed by a removing means, like G shown in Fig. 10,
provided in the shaving means 202. For the removal of fine shavings, a brush-like remover
may be provided immediately behind the shaving means 202.
In Fig. 18, when the scribing unit 66 further moves until the detecting tip 84a of the
detecting means 84 falls below the surface position of the deposited film la, a signal
20 indicating the end of the scribing step is generated. From this time point, the scribing unit
66 further moves over a distance longer than the distance between the detecting tip 84a and
the tip of the shaving means 202, i.e, the dimension L5 shown in Fig. 17. After completion

of shaving, the tip 79a of the stopper/pressing means 79 further extends its air cylinder under

the control of an unillustrated controlling means so that the shaving means 202 is moved



5 However, the tip 79b of the stopper/pressing neans 79 is kept away from
the tip of the stopper screw 80b during scribing, and the tip 79b marces
contact with the tip of the stopper screw 80b under the tension of the coi
spring 77b as soon as the cutter wheel |4a falls below the top surface of
the gl ass substrate I on conpl etion of sb%1b|ng Thus, this may be used to
turn on an electric contact to extend an air cylinder and thereby rel ease

t he scri bi ngpwehnwail fohGh¢ surfdoovithe lpbasg butsgats Ubs Thas@ibingheednatl 4 @eedsed hod i s
technically sinpler. After, in this way, the deposited filmla is shaved
and t he surdoatelledfin tahsimiddrasansubgisritiethe shavisg melrsdthelseriting hransdBpmsy bed
filmla has been shaved, the scribing unit 66 is noved back to the stand-by
position elelsel h@wsn#aaaﬂen@ermaaﬁlgma GONBhst Hi6ved Cavied b igktdEA BSrebPordidet ®help SO
as not to interfere with the glass substrate. Thereafter, as the anabIe

bl ock 200 dagsdck e bdwebn tief gstedtiag 408k dnd e Strek SwiERY €8 Gk YR Fsk. O
backward over a desired distance at a tine, shaving and scribing are

repeateds IfokdVes theip 79BFThaSH ﬁéi‘kb?ésglﬂé End3aY 1799s &eHCRAS £ & thi ki quwed
t hereon can be scrlbed into strlp shaped sections arranged at desired

intervals. Br sctmgwaﬁg@‘%gﬁb ﬁ%aﬁﬁ thfp 965 &Ekgecgn&@ttvbltﬂ ﬁ"lfe'? e&qﬁe Etﬁpﬁﬂzel' 9. 14

is rotated t sim steps are perforned

film depos';% ajb%ﬁqﬁ%rﬁwpau@& B b0t Bl %Lﬂ?oomgh}eercnger?&hel{"&&%h@svgeﬁ]&v of

t he dep05|te mi ron1a €posi

bstrat d th K tt b hi d
RtEERn MU Mol Ay R
that th bi t 66 f t d 14 d
[ TSRS SRR AR

wor kpi e st age be so structured as to nove back an orth as seen in
Fig - P3310 1 o pive atg? Snbsifiihe Her I TRPthRckin decaRtgal mmgﬁav.m%erw@athg ¥2% t ed
at the botton1of the. scribing unit 66 shown in Fi eeds to be so
struct ur ed e derositrd filgy Byis shaxpd 28¢ deeagiirface Pihrrhslsbqﬁs wstr%ﬂa% sejibed gvheredthy| ass

substrate surface. Specifically, a structure |ike that of the novable unit
410 shown i9¢pmiigd film la pasibepn sakets therperibing Haie 66 1sHmQV§d bagkrte yher tandtbyeepiHiaR nent s

with the shaving means 202 and the scribing means 14 lifted up so as not to interfere with the
glass substrate. Thereafter, as the movable block 200 described with reference to Fig. 14 is

15 moved frontward or backward over a desired distance at a time, shaving and scribing are
repeated. In this way, the glass substrate having a deposited film formed thereon can be
scribed into strip-shaped sections arranged at desired intervals. Then, the workpiece stage
63 described with reference to Fig. 14 is rotated through 90° and similar steps are performed
to scribe the film-deposited glass substrate into a grid-like pattern,

20 The shaving of the deposited film in a grid-like pattern from a film-deposited glass
substrate and the scribing thereof in a grid-like pattern can be achieved also by exploiting the
facts, described earlier with reference to Fig. 14, that the scribing unit 66 moves from side to
side, as seen in Fig. 14, and that the movable block 200 moves back and forth, as seen in Fig.

14. The workpiece stage 63 may be so structured as to move back and forth as seen in Fig.



5 described later, is adopted, In the novable unit 410 shown in Fig, 41,
reference nuneral 4330 represents a conbination of two wheel cutters
arranged so as to face each other for cutting a polarizer plate. By
adopting this integrated structure, with the two wheel cutters replaced
with a single cutter wheel for scribing;3and with 460 replaced with a
shaving neans, it is possible to add the above-nentioned capability of 90
rotation. Flft fethareese, e sadidinggmedns 4@ thaphiving means fir@Dat thet ktioonef the i s
possible to renove the deposited filmand scribe in both of the X and Y
di r ect i ons. sciiibigg Sinétvétn showmamsFig 024 aneeldst toebes 6o istruaigredreans bédntegmlly ramdbiet op
shaving and scribing, respectively, with different timng. Wen, after

shavi ng anchfough DONEEIARE 16 EHFEIaE ubstiaR susfadd. bisEgclﬁlcraluy £ 6trucelrbl RS tHa of the
stand-by position, the shaving nmeans 202 and the scribing 15 neans 14 need

to be rel eagefbuned10Ghbwh ieElgUPL, SPhi@SshBRE tﬂeoe thctg%v@ﬁ -fiPdt eHBB&'frfeﬁ{s

with the glass substrate. Thus, the air cylindér that 1s provided in

st opper/ pr ﬁ[’e%cla'ﬂ)gd 'ig?&né aZc%t?cf'd In ﬁireJPMUaGIQ UBFQIGI%% n @45 Iljg}'e%cé)ﬁu %Sﬁt@%' On

are control by an’ unil'lustrate ontro Ier nee be provi
separately d ct uat e for
tho " ohavi naPted emsaREh of v9°?§§eﬁ-l %utt%% g RS Pﬁ%twﬁ?‘ﬁ?
enbodi nment , as. shown he s

aV|ng

cutter desdiiEEE Plﬁtecoﬁxégwtg% Rms e P &ﬁatﬁf— mtwhfﬁ b8 el
shaving block with cutter fit scre wever y f .the shaving
cutters use‘ﬁk}f ﬁ single atier ihgel et é“gdém@ r"Y‘g‘ %gaoﬁp]@&‘?iln‘gﬁ 2NARG Pegie 1Sy st
to sixth and %hth enbodlnents nmay be applied to the cutting apparatus of
this enbodi ER-SHP e tonddthe Héovede%@pﬁwpﬁ?lhm P00 gotatipqy e Furthgsmore;, py addipg, the
shavi ng neans 202 needs to be accurately -34- positioned at the surface of
t he gl ad8 swabahilitsitof 180° ratationy éris pesaiblegosemd@rthofiepositid filinmnd seribleén baeth of the
appropriately by screwing in or out the corresponding one of the stopper
screws 80a XmanBWhiirectidhe vertical position of the tip of the shaving neans
202 requires the finest positioning, and this tip needs to be positioned at
the top surface Tk shdéngdhesss 2621 st thak&ibing mBRGi1atsaktyanBefopskaving and scribing,

respectively, with different timing. When, after shaving and scribing are complete, the
scribing unit 66 returns to the stand-by position, the shaving means 202 and the scribing
15 means 14 need to be released by being lifted up so as not to make contact or interfere with the
glass substrate. Thus, the air cylinder that is provided in the stopper/pressir;g means 79 and
of which the degree and timing of extension are controlled by an unillustrated controller needs
to be provided separately at two different places to individually actuate the tip 79a for the
shaving block and the tip 79b for the scribing block. In the ninth embodiment, as shown in
20 Fig 18, the shaving means 202 has the shaving cutter described in connection with the first
embodiment fixed to the shaving block with cutter fitting screws 86. However, any of the
shaving cutters used in the cutting methods described in connection with the first to sixth and
eighth embodiments may be applied to the cutting apparatus of this embodiment. When the

deposited film la is shaved, the tip of the shaving means 202 needs to be accurately



5 the shaving step is started. Utimately, the position of the tipis

adj usted accurately by adjusting the mcronmeter screw 72. After the

st opper,screw 80 has been screwed in and out for adjustnent, it is fixed
with a nut 203. Moreover, in the ninth enbodi nent, as shown in Fig. 18, the
shavi ng neans 202 is fixed by being screwed into a groove fornmed in the
shaving block 81. However, the cutting-ahgle of the shaving neans relative
to the glass substrate 10 surface nmay be nade adjustable. Specifically,

though not pdshidsdd Attedsurtabl & thé glaghiubyAtk DY The &RAkA! Josiok B@eat&ﬁrﬁ:p?eeﬁlb@ketar m
portion of the shaving block 81 so that its portion sonmewhat closer to the

shavi ng neagpropfidtelyh3Rcreiving¥r S8 Meorrespoh@ing Bhe/oflthe@6hRPs@ew{ Walde sowt at abl e
about a rotation shaft, and providing a nechanismthat permts this portion

to be cl anped Wddi) fosifdnYMhd feiiefl?,%ssh%ﬁg{geﬁw;nfe%o@@%gfggg%[hnwé\éaiﬁ%tsﬁ&nﬁ%u%:anavi ng

means 202 shaves the deposite 1l ails ad o the opti
angl e. Next.,.: Ep i B 4B % J f_1he jnv ion
will be destzr:"rsitt ergg&g tlton&%ﬁ)g lnﬁént l{eeng) cflﬂfrééér%ngfq%eggﬂsg%gg\}\lmgﬁ%e Eilra{ne@%{f Q) l?er&%ljﬁe
shavi ng s 202 and the _scribi ns 14.are. arranged,.in .a row w th
respect tqgatgﬁgg i”}gegf? dh sﬁaﬁec\{i\h%ﬁg?ﬁ%g?&er P %slﬁf%’ ﬁfnﬁ'te tﬁ’oge d,JuStegoa“[CHr&fe\{\géhévi ng
of the deposjted filmand scribing e perforned sijyl taneously as the 20
scri bi ng unt%uspes Wﬁﬁﬂromebeﬁéc%‘ﬁgepagh?r tI‘Q‘ﬁ S?H@P?gﬁvfgggﬁﬁgﬁﬁnrfé?ﬁ%dt‘%%“ Mivi ng
means 202 apd .the scribjng neans 14 are arranged at an interval equal to
the inter valos24ps'RARICH l%ﬁ’fq%b‘vlﬂga e 203er Morepyer tbthe i SEPPHMSNaBRHIO¥ECAR ons.
Fig. 16(b) shows the positional relationship between the shaving bl ock 81
and the scriigi i¥gthsishasinggmeans 20% isdpxed Ry heigg afrevyedintq heropysstormedisdhnghaying- 35
If it is assunmed that the scribing unit noves in the direction indicated-by
an arrow i rplegkg8l. FEveyera shesqutting igle of the shayingemeans elotiva tot the glash ayhstrate
sections, then the shaving block 81' needs to be disposed at the front in
t he novédfenwurfdée mey ibormads adjistabiehe Spérafidaly thoegh net ijestfatadpthds isf aghieved Phie
interval Si between the shaving neans 202 and the scribing nmeans 14 is
adj ust ed, separating the horizontal arm portion of the shaving block 81 so that its portion somewhat
closer to the shaving means 202 than its own center is loosely fixed so as to be rotatable about
a rotation shaft, and providing a mechanism that permits this portion to be clamped with a
clamping means after the angle with which the shaving means 202 shaves the deposited film
15  lais adjusted to the optimum angle.
Next, the cutting apparatus of a tenth embodiment of the invention will be described.
In the ninth embodiment, as shown in Fig. 16(a), the shaving means 202 and the scribing
means 14 are arranged in a row with respect to the direction in which the scribing unit moves,
so that shaving of the deposited film and scribing are performed simultaneously as the
20 scribing unit is moved along one path. In the tenth embodiment, the shaving means 202 and
the scribing means 14 are arranged at an interval equal to the intervals at which scribing is
performed to form strip-shaped sections. Fig. 16(b) shows the positional relationship

between the shaving block 81’ and the scribing block 82’ as seen in a plan view in this

embodiment.



5 as by adjusting the thickness of a spacer 204, to the intervals, i.e., the
pitch, at which scribing is perforned to formstrip-shaped sections. Thus,
this enbodiment is the sanme as the ninth enbodi nent in that both shaving of
the deposited filmand scribing are performed as the scribing unit is noved
al ong one path, but is different therefr in that the scribing unit noves
across a distance corresponding to the pi'tch to a groove where the shaving
of the 10 deposited filmis already. conplete and then perforns scribing

al ong that &ribdsessumpprkihahthe) sgribiag it maaveyimihs ditgskn wdisated bycan; sseay iy Fig.

pr edet er m ned ;)i tch, this enbodiment requires the scribing unit to be noved
two nore ti he®) prsribiagdsparieamed orfarme AieshinsA sectippushearthe sheving flpskBEnesis h
the ninth enbodi ment, here, it is not necessary to extend the cutting

appar at us tmbe Hispaed etcthe drent m thiinedvemhet dirciidn siythanthe shavimgs stemiscperformedel ps
make the cutting apparatus 15 conpact in its wdth direction. Mreover, it

i s possi bl efitst dI'eposevabBl bggpeopthe shavingasdaas 26hand the saribimgunengs i snmljusteth
anpl e space at the rear in the novenent direction of the shaving nmeans 202,
and t hi s shehpby adjhseivig seahickeesebf £5faser @04 Wwa shecintebaly, Desthe path, at @hickkéribing t he
shaved grooves during scribing. In other respects, the cutting apparatus of
this enbodi wgRiforéStolfamh eiiplsagedteGRAR SEHUYCthIletnbdTintdAtls tB sdntCasnthé hiAth
enbodi ment, and therefore overlapping 20 explanations will not be repeated.

The gl ass suRssdiAbR @aUhid Bidh RRAVIRAoRE RPAAEAtUS Al @Hbi’ﬁkea\’@g_&l?or%@@qgitﬁ@?m
of the invention will be described below wth reference to Fig. 19. In the

ninth embodi Pty ufk isIRbGAL 4188 BEA &l ,iQ%Et?e?%riggﬂg A 1 iff Gt Itfe Sr@R wnithhi Ch

hf Al
serves as a means for positioning Pﬁe tipo ving cutter accurately

at the top %&%ﬁ%&oﬂfa igﬁPéU @o??es?&xtlaﬁgt@ttﬁe Blich % 3‘}%@6&: WHerd B s'cl)ﬁa’t@h HRand ng

step, is provi at t ront o shavi'ng m In order t efect the
2oL 1o e 8, ARl SRS L M IO BELSSL: e
com ! USRNSSR el P RTHBAR T REaPbE BB oo
scribing unit to be moved two more times than does the ninth embodiment. However, as
compared with the ninth embodiment, here, it is not necessary to extend the cutting apparatus
in the direction in which the scribing unit moves, and this helps make the cutting apparatus
15 compact in its width direction. Moreover, it is possible to dispose an appropriate waste
shaving removing means with ample space at the rear in the movement direction of the
shaving means 202, and this helps alleviate the effects of waste shavings that are left in the
shaved grooves during scribing. In other respects, the cutting apparatus of this embodiment
has basically the same structure as that of the ninth embodiment, and therefore overlapping
20 explanations will not be repeated.
The glass substrate cutting method and apparatus of an eleventh embodiment of the
invention will be described below with reference to Fig. 19. In the ninth embodiment, a

detecting means for detecting an electric signal, which serves as a means for positioning the

tip of the shaving cutter accurately at the top surface of the glass substrate at the start of the



5 nore thick, variations in its thickness and other factors may cause the
tip of the shaving neans to be positioned above the glass substrate
surface, leading to insufficient shaving of the deposited film wth the
deposited filmleft at the bottom of the shaved groove, or may cause the
tip of the shaving neans to be positioned.bel ow the glass substrate surface,
leading to interference of the tip of thé shaving means with the edge of

the gl ass substrate and, .in the 10 rst case, even to the destruction of
the Scri bi nAiEpriPEeYH AR /e i yriae: e e et hepoR Wage

of the glasg substrate e 05| Imla starts n
shaved. Thea@ t%R/é‘fffaﬁe é’ﬁ‘b@a‘?ﬁ?ﬁﬂw fgmdg\?f‘scé’ e‘itcf ‘1"1%‘6?1"90 fithe denpsty %iibgfﬁ‘? By e
Speci fically, i cl earance portion (non-filmdeposite d portion) is formed
al ong the eEFQ’é@ B8 raeans Y. $sopReiemmgbleseontrob ond dkes Rasition thp & thaipltrvinghen
t he gl ass substrate is cut apart, the non-fil mdeposited 15 portion is

di scar ded. Mmeansté thegopsertase o elg’llasFISUbStratEQ(HPWC‘@EC‘V@HF depseitgslotilm b 18m ether e
no deposited filmis formed, is formed al ong the edges of a | arge-fornmat

gl ass sulst mateethick, garjativhein tavhickaessrand| otherhfactdisnpas icorse Shev tip iof shastasingi ng
to the thickness of the deposited filmand the control ability of the
cutting appaeatsusbe positioned steive eighdss substrite suracanipdding t8 itsofficentrshaving of thei s
met hod, first, the tip of the shaving nmeans is brought into contact with the

gl ass sur f adepodifedviilinhivith tieedeposited ditm $ethavthé Gottdne oflihe BRSO Brodyve, & thayhamset he
scribing unit is noved. Variations in the control of the tip of the shaving

cutter are gbprdfate $hdviighmtdie t6ibagsasitioned et k %laﬁ@bstxtataosdrﬁcéﬂé?ddﬁr%'ﬁé
brought into contact with the glass substrate surface, and the deposited.

filmcan bggRened ofvhe RipaofThe mamngt%ﬁéahedu&rtﬁéne&gbeoﬁﬂagla@sf sulb&eatéiexnpsﬁ trd
film In the nethod shown in Fig. 19(b), instead of rénoving the deposited

filmin @ cleafl aeeeRArbd AL desthRfiol %h%dscrifbn% amt! - ’l‘fh?scﬁrofolgﬁt istIRIyIRP 3det €d
filmis shaved with the tip of the shaving n€ans |oaded wth a downward

pressing forge.aly ab@etedde 59&{&01 s'?bs‘%’&w Qlet %enm@dhso@néaf fnhqa% w&qloﬁeans

starts shaving the deposited roma point near the e ge of

filmdeposi g 9ec9| qhe ¢ ﬂctveﬁtneen{bgaﬁneﬂf is &4@% \Ag't?%rvgrecoﬁé‘gt&& %g&lefr&acsib%&ﬁw& gl ass

substrate surface wthin the portion S SCri

clearance portion (non-film-deposited portion) is formed along the edges of a large-format
glass substrate to be shaved, and, when the glass substrate is cut apart, the non-film-deposited
15 portion is discarded. In the method shown in Fig. 19(a), a clearance portion S, where no
deposited film is formed, is formed along the edges of a large-format glass substrate, i.e., the
raw material. The dimension S varies according to the thickness of the deposited film and
the control ability of the cutting apparatus, and is set equal to, for example, 2 to 10 mm. In
this method, first, the tip of the shaving means is brought into contact with the glass surface
20 within the portion S having the dimension S, and then the scribing unit is moved. Variations
in the control of the tip of the shaving cutter are absorbed within the dimension S so that the
tip is securely brought into contact with the glass substrate surface, and the deposited film can
be shaved with a margin secured from the edge of the deposited film. In the method shown

in Fig. 19(b), instead of removing the deposited film in a clearance portion S beforehand, the



5 a curve R5 as shown in the figure- Part of the deposited filmis left in
the hatched portion in the figure, and therefore the portion S is

di scarded when the gl ass substrate is cut apart. If Fig. 19(b) is assuned
to show scribing in the Y direction, then it shows how, after shaving and
scri bing have been perforned in the X direction to formthe shaved groove 5,
shaving and scribing are perforned in sBhilar nmanners in a direction 90
apart therefromto forma grid 10 |ike pattern. In this enbodi nent, when the
gl ass substfaat that theSdepbdied filnt 3 shaged ehithi the tpabf efeNshaving th&anfeeRI8S avith &0
formthe clearance portion S or S all around the edges in both of the

net hods ( a)dowwtbatdpressivg fore oSboue PtsEN s dxpRitRd.t Clhedlp dfffeCIhavifig MBAMRGtarS
performed to form strip-shaped sections, and are usually set equal to each

ot her. The @h®y fhtefaeﬁdmgddﬁmeﬂbmaap@mmarttﬁe @@efbf%ecﬁlhtdérﬁ%l{éﬁtgﬁgga@ﬁ@leﬁ of
cutting apparatus as 15 described above. In a nethod for scribing a

film deDOSIth@ﬂgs}leaa%a,th&vre&hwthergla%ﬁwbwﬁ%gem O:yﬁthh ggamwg %Pé’ﬁéstcﬁgi ;' I m

i s shaved manu there arises the pro t posited

| eft “”S?a"e&n?ehﬁﬁk shoAHGR R lighrd 285 o?@I ’E?é osAb P fifin RULS1 rtﬂ ﬁatgﬁ‘ of %GB' b N9

and cutti ng emils OVE,‘I’ COITE rmng a I’IOI’I

t I th d [ t.h nb dj
bt her hand. T REYRE, eﬁqﬁsrffﬁrge U REFER 55 &wazaa%%eﬁ. oot RS tI?p of
th h t th f f th I bstrat
it the st Ao rsgrgeLy g‘é’[ee&?I ing fe Sodreiiom W f obiieta aBe %hg?lﬂé e
deposited fi I m . by the useerffP a detecting nean then correctin. -

t hi ckness dind serbiRgbAvE PreiPeriormgd ia ik Xdisfctionde farmghe shavergreovea sfwgigﬁnen of
the tip of the shaV| ng nmeans at the start of shaving. This, however, is-

difficult tsribiegpreneriprmes incsimiaramanness inacdiresiisn eapart ieerefomt to fosrm geerid-
variations in the -3g thickness of the deposited film This problemalso is
sol ved By fldemategna nghisfembpdimge odien et ghoss tsulsiratlioswgibedhmted grdlibd patteen, gl ass
substrate as in the el eventh enbodiment. This greatly alleviates the burden
on the desiigis savesseyntst fous tthonleadantehportion Si oS aplp arcuhdishe €dggs i Bothsofathe
diagramillustrating the principles of the cutting apparatus of a twelfth
methods (a) and (b). S1 and S2 represent the pitch at which scribing is performed to form
strip-shaped sections, and are usually set equal to each other.
The eleventh embodiment applies to both a cutting method and a cutting apparatus as
15 described above. In a method for scribing a film-deposited glass, even in an extreme case in
which the deposited film is shaved manually, there arises the problem of the deposited film
being left unshaved at the edges of a large-format glass substrate before scribing and cutting.
This problem is overcome by forming a non-film-deposited portion along the edges as
described in the eleventh embodiment. On the other hand, in the cutting apparatus of the
20 ninth embodiment, the tip of the shaving means is positioned at the glass surface of the glass
substrate at the start of shaving by detecting the position of the surface of the deposited film
by the use of a detecting means, then correcting the thickness of the deposited film, and then

setting the vertical position of the tip of the shaving means at the start of shaving. This,

however, is difficult to realize with satisfactory accuracy when there are large variations in the



5 enbodi nent of the invention. In this enbodinment, the cutting nmethod of the
seventh enbodi nent described earlier with reference to Fig. 9' is applied
to a cutting apparatus. In the cutting apparatus of this enbodi nent, as
shown in Fig. 20(a), in the workpiece stage 3, there are fornmed a plurality
of negative pressure supplying paths 209 in an appropriate arrangenent to
permt the glass substrate 1 to be secured by an unillustrated negative
pressure 10 supplying neans such as vacuum and there are al so forned

el ongat e openi,ngs 3a.at intervals rresponding.to th ifch of scribing to
pernmt the g@?lf"gf’snﬁﬁﬁ@eaﬂgpoﬁg?do%i’ﬂ'ri E@Stﬂﬁ% B a4 155&?}§?Cf£§ eftoim'F‘Igo?n“B& "t he
bottom surface thereof. In the cutting a ratus of this enbodinent,_the
tip of the SARRAIEHPIFEAMYCRE, e§ﬂ$\§i°hﬁ‘e?‘3llfép 5’3&5@? 2oig the aﬁ’fqnthae“f‘ttﬂd%ﬂ‘t-onﬂl‘he

gl ass substrate 1 and the tip of the scribing means 4 are | ocated on a
vertical |i gecafyaliedistesthedivraes one desigaand enmsigyction ef the guiiagrapraratgnd nove
together. Thus, a scribed |line 5c is formed right below the shaved groove 5
formed by the shhbig g8 israakiagram qllustiptingethp pinerples of ¢het eutting sppethtus ofm tyeelfth
performed, in the glass substrate cutting step after scribing, along the
shaved grooembsdimeor nEdhd mvehteondepoghis enbiodinmnt, Tthesquttang  skthed ofnthEi gver2i9( a) ,
the cutter wheel 4a at the tip of the scribing neans 4 needs to be | ocated,
as descri bedmhbdiment descritied ahtligr withhrefetzatcoty Fiped' shapptied 20a qutting epparass. S&En
fromthe direction of its novement, but not so accurately in the

f ront war d/ balgkatirg £ppaaisiofnhis embodimeit, b shothin i@ ®ig AV(Hf int the woRkMBERNtagef3, t he
cutter. The glass substrate needs to be scribed with a |oad of about 10 N
applied t hertl@étr@,ared_ﬁﬁﬁ@dj!an%uﬁﬂtyt BE nedabiv € lpR@siTe Qlippl{ig HadtisS209 THUSn apptopriate
cutting apparatus in which the glass substrate is scribed from below, the

upwar d pr essifhehRRCS pRaf 8 G128y sublteats £ Fd i RELEBEN Sn tnjTBYrafcBYSSatt DS redbidS S
-39- substrate 1 to cone off the chucking neans provided on the workpi ece

stage 3. g0 sWﬁ%Hear};&héh advaRAANGE tq{@mﬁeﬁﬁaﬁgﬁ?éﬂﬁm e F)h&in&%?% ik @als

bal anci ng wi 0 I's dispose iately at the ar o e shavi ng

reans 1, SIesAkaSAE, i fih SoueRgte oL U S96s MORE' BRI
substrate 1 from below the bottom surface thereof. In the cutting apparatus of this
embodiment, the tip of the shaving means for shaving the deposited film l1a formed on the
glass substrate 1 and the tip of the scribing means 4 are located on a vertical line as seen from
15 the direction of their movement, and move together. Thus, a scribed line 5c is formed right
below the shaved groove 5 formed by the shaving means. In this embodimént, cutting needs
to be performed, in the glass substrate cutting step after scribing, along the shaved groove 5
formed in the deposited film. Thus, as shown in Fig. 20(a), the cutter wheel 4a at the tip of
the scribing means 4 needs to be located, as described above, vertically right below the shaved
20 groove 5 as seen from the direction of its movement, but not so accurately in the
frontward/backward direction, i.e., in the direction of the movement of the cutter. The glass
substrate needs to be scribed with a load of about 10 N applied thereto, depending on the

thickness of the glass. Thus, in a cutting apparatus in which the glass substrate is scribed

from below, the upward pressing force exerted by the scribing means 4 may cause the glass



5 shape as the cutter wheel 4a mmedi ately at the rear of the shaving neans
so as to nove as if followi ng the shaving neans while applying a pressing
force P2 that bal ances with the scribing load P1. Using a wei ght-shaped

| oad applying neans to apply a load directly to the 10 fil mdeposited
surface to reinforce the force with whichot.he gl ass substrate is secured may
destroy or scratch the protective film By contrast, in this enbodi nent, at

the same 11 kil tolbife AHARS ANRAE LA bovREd bREA J4RELDes o o “305?%9“

surface thereof, the | oad bal ance wheel, oaded wit re essi ng

force, is 2‘@}%% a:ﬁ%mg el wﬂée@%stéﬁ%wmh;ﬂg?hgéggﬁ& SRS %9%(?.10&21%5@%@?@ the

top surfac ass substrate “shavi ng neans shavi ng m 15
deposited s 1o P0LS i sihle t rf.or cribing wi-th,the glass
substrate ofupRgel SR R G raPRE HloRhstonfe RREUGL R} R marePher gy iahod
scratching or w se. damagi ng t he eposited film . In Fig. 20(a), the
shavi ng maﬁ'geﬁéeghﬁ £el “%fatgééﬁgg'sr@plnﬁi%,& liaﬁglggsf‘g@%m'iaby ?ﬁtsaﬁﬁgﬁe“f‘gééﬁkdat ed)
by applying a |oad frombel ow the surface opposite to the scribed surface
so as to de¥@Psps t é“E?ra%lPPeFﬁa #H eé‘EPfHEoFCT‘P‘HE.mea%“ AE‘E%’FB‘F gt  soff patefial
ninth to eleventh enbodi nents, a scribed line is formed al ong the bottom of
the shaved §¥8a3yeolsurethiase BbbesadTp stablysequerithe glass bstERIE 1 AR therorkpiecesiag®3i t e
to the film deposited surface to achieve cutting. By contrast, in the

twel fth errbéviha@n@e, whgel 2heisdacnted immpdiatghnat the Feap phtheishaving meanssel 2b P mpe
bottom surface of the glass substrate, the deposited film right above the
scri bed | i nes ifdolgveng thetsbating meansswbileeapplyingy erelssing frgeceaPZ thetbalarnses wish the t h
the -40- desired di nensions and shape. Then, as shown in Fig. 20(b), a w.re
207 formed efribingsload P1.s Uddingas weigbt-$hapel, loat appbting meard thapply g loap gireqlyi tattle
dinmensions is laid in the shaved groove 5 right above the scribed |ine 5c,
and a rold efildépdsasd ngfacato rdisfotce phe forgr witk evhidhathe ralede sutiserhty is esrgaegasayw t h
the wire is placed on the wire so as to roll along it while applying,

t hr ough t he d&strol bescrac tha@rdb:tioé fibf) tBy &diradl, inrthis Rmbodidiént, hitthé Sanfriifié thae t O
realize a cutting apparatus that permts the shaving of a deposited film

from a gl asshesdd3s biitatrate aNstribBe frd G el v theddblollitfhddthéeof, the load balance wheel,

loaded with the desired pressing force, is made to roll along the bottom of the shaved groove

formed on the top surface of the glass substrate by the shaving means shaving the film-

15 deposited surface. This makes it possible to perform scribing with the glass substrate stably

secured, without the risk of touching and thereby scratching or otherwise damaging the
deposited film la. InFig. 20(a), the shaving means is omitted.

After scribing, the glass is cut apart (separated) by applying a load from below the

surface opposite to the scribed surface so as to develop the crack in the scr.ibed line.

20  Accordingly, in the ninth to eleventh embodiments, a scribed line is formed along the bottom

of the shaved groove 5, and a load is applied from below the surface opposite to the film-

deposited surface to achieve cutting. By contrast, in the twelfth embodiment, at the same

time that scribing is performed on the bottom surface of the glass substrate, the deposited film

right above the scribed line is shaved to form a shaved groove having a cross section with the



the gl ass substrate wi thout reversing the glass substrate. Reference nuneral
208 represents a cushion material used at the tine of cutting. In this
enbodi ment, the cleaving of glass after scribing my be integrated into a
cutting apparatus provided additionally with a cleaving 10 function which is
capabl e of both scribing and cl eavi ng, oroglass may be first scribed on a
cutting apparatus and then cl eaved on a'éléaving machine. In this

enbodi ment, in any of the _steps fromthe sqribiQ% to cutting of the gl ass
substrate, idgdieddimensions 2ad ehapenglieRetedovwgnntie Z04npamire 207 fofmsdeof BSigg
need at all to touch or press the fil mdeposited surface. This makes it
possi bl e t o St AtuasTthangner Petak andihaying agprapniaty dimensioas dpddn thecshayadrgroovest ead
of the roller 206, a 15.Elate-shaped pressing nenber that positionally fits
t he bott om 6ight sheve Hgvsetbegh linsyie, Bndrayolise 206 daving, t dls hipew gravue thahgnodpiatply 21
and 22 show a thirteenth enbodi nent of the invention. This enbodi ment is
char act er i zedgages whiathe wire pplaced ph éhe wiheesosisap rolf aloh@itiwigletapplyohgptsougbdhd i | m
and the step of scribing are perforned as separate steps, and that, in the
step of sTrividengjoaddPB @i S0 so 2OEN20Idihisngdy; @dspsdsibie towaslize apting @pparatud that ar e
formed on the fil mdeposited surface so that the glass substrate is
supported, @trniiliehe\ehaviag POB deiBed film o ¢ sGbbtdalreant itheRcelBiR@Shd E6ttifaIbf ace
t hereof, on projections 13a fornmed on the workpi ece ‘stage shown in Fig. 22.

Fig. 21 ill ustdlataspshawwithbutdenrdsnd @6l gfakd fibbtrdte. @ ReferehaY8felal208UGPregent®y as
to separate product portions, which are to be used as products such as

liquid crystadhidhi RRbAY uslVit SRSim@Bfcurdhly,  WRHi LoV dihORSthe Elefingler SAQWHe1OW
scribing is perforned on the opposite surface of the glass substrate, fight

T o S RS
e T R S T Y o
ones used i 1 4ihe.  SRRAL BN SIS PAthHRMEAINS 1AARBBLERT b baP drche 2
steps from the scribing to cutting of the glass substrate, including the securing thereof on the
apparatus, there is no need at all to touch or press the film-deposited surface. This makes it
possible to maintain and protect the quality of the deposited film. Instead of the roller 206, a
15 plate-shaped pressing member that positionally fits the bottom of the shaved groove 5 may be
used to achieve cutting.

Figs. 21 and 22 show a thirteenth embodiment of the invention. This embodiment is
characterized in that, in principle, the step of shaving the deposited film and the step of
scribing are performed as separate steps, and that, in the step of scribing, which is the

20 downstream step, waste portions 11c are formed on the film-deposited surface so that the
glass substrate is supported, at the waste portions 11c formed on the film-deposited surface
thereof, on projections 13a formed on the workpiece stage shown in Fig. 22.

Fig. 21 illustrates how the deposited film 11a is shaved in such a way as to separate

product portions, which are to be used as products such as liquid crystal display devices, and



t he workpi ece stage 3, there are formed a plurality of suction paths 6 at a
predeterm ned pitch to permt the glass substrate | | to be secured by a
negati ve pressure supplying nmeans such as vacuum Fromand relative to one
edge, indicated as A of the glass substrate 11, shaved 10 grooves 15 are
formed by an unillustrated shaving cutter,,at pitches corresponding to the
wi dt h-direction dinmensions of the waste portions | |Ic and the product

portions 1 |d. How the_. shaved grooves. 15 are forned is the sane in the
PP r st Cand s EESRETBABOGFiAL STowP™ SHBINERHREOHRELT D8 BRI SHRRFORTGERE nor
be repeated. ,The dinensions of the waste portions, | Ic are determ ned
accor di ng tB“bt“iﬁ@e’tqﬁhk%ﬁ%ﬁzléstgebwSfti?éggFl&E%f%ngsg?Y’&f‘bF'&n@’ fight ﬂggbfgélilq \Q’G"?di I m
15 11 a and the conditions related to nmechanical strength such as the

di mensi ons 8oy attertheidepositeddiimilanis shaved ingkig 24 he di mensi ons of the suction
paths 16 shown in Fig. 22. The waste portions 11, which wll eventually be
di scarded, shoul Nowetheaderkings gad (dthes feateres iobithis embodimeat will he tdescribed withf
breaking (cutting) the glass substrate, in a case where it is cut apart by
appl yi ng Sa Fefexencedo that is shéwc en thpfiguiese The glhs ssbstiateetl, dike flromes ifedtim¢henast e
portions are made 20 too small as conpared with the thickness of the glass
substrat e 1&émbodimenty déseribkdf dhoee)l Has aalepguited Girmidaifdrined .on Dk Sutfiee diseréad. bin
taken into consideration when the dinmensions of the waste portions are

det er mi ned, thatvdriepi&eatagg 31 theietard foathed Hplyiratityeofl saetiar patHsaat tapeeddierrhifdpitch
requi red dinensions of the workpiece stage projections 13a shown in Fig. 22

and descri befpdrit @fie gldsd Substtaf¥EINIb BB Secfedityr RpRtileGireB@re sisPhing theshsan€h as
determ ned according to the size of the products, -42- such as liquid

crystal di spA@ymdeypidafend Wildiive ftb Bhs BT idMagidnNg Adstade %ﬂesr QloSratEi1 G shdved
illustrates how, after the shaving step shown in Fig. 21, the glass

substrat® 1lrool& [90RCRrHRE bfl@ndiMusaRdd SBAMLELRR ot PRAOIKREGORIIRS #Ihel 3 SO
that the surface opposite to the shaved surface is scribed. In this

embodi ment, iR JHOLHER ufEsSh Qﬂhé_@aé{@E&-tiBgslﬂ%raBg’Elﬁ‘ﬁo&H%o%&g 118 Girdi geent

fromthe workpi ece stage 3 shown in Fig. , an S projections 13a and

recesses 13Q,, 304 @{1%2951 195re> RMRd i theNGnde! AUrCehe HiAEINALYR] ¥mbdiRERS t ARANS

corresponding to

therefore detailed explanations will not be repeated. The dimensions of the waste portions
11c are determined according to the thicknesses of the glass substrate and the deposited film
15 1la and the conditions related to mechanical strength such as the dimensions of the product
portions 11d and the dimensions of the suction paths 16 shown in Fig. 22. The waste
portions 11, which will eventually be discarded, should be made as small as possible.
However, in the step of breaking (cutting) the glass substrate, in a case where it is cut apart by
applying a load to the surface opposite to the scribed surface, if the waste portions are made
20 too small as compared with the thickness of the glass substrate 11, it may be difficult to
perform cutting. This needs to be taken into consideration when the dimensions of the waste
portions are determined, while seeing to it that they are larger than the minimum required
dimensions of the workpiece stage projections 13a shown in Fig. 22 and described later. The

dimensions of the product portions 11d are determined according to the size of the products,



di rensions and pitch of the waste portions formed in the shaving step. The
top surfaces of the projections 13a are |evel, and securely support the

fil mdeposited-surface side of the waste portions Ilc shown in Fig. 21 from
whi ch the deposited filmlla has been shaved and 10 renoved, Here, secure
supporting is achieved through the suctigp.paths 16 by the same negative
pressure supplying neans as used conventionally. In this state, scribed

i nes are AR o] Lt : 5 een in the

posi ti onal gde?:flg? ?%Lﬁ%/% %agd%gg%'agﬂ% ‘té‘% ﬁrﬁﬁ?dgtqﬂ%glggg%dg% ﬂge?%(g)'ves 15 fornmed on
the gl ass substr . il i ! t. .ed oqV. | S
achi eved as fol I%%\gz._zlégftgiﬁsvhgwgﬁ rﬁg@%haglggﬁj&p 65%@6‘% ‘(321()?IE eagq %Sgﬁ%ggﬁrﬁtei 1oln of
a 15 well -known detectin ans uch as an optical, se 0f _a _positijoning
Tig. o meant ed SRR TRt B s HarBed ekl o S Ye nihef oliRRlY b7
timng belt drjven by a.seryo notoy., and,. a cgntrolling neans, such as a
numer i cal CBﬁtSL%’F? é?¥a°§d? f%éﬁd'riqﬂéé“s ég‘ﬁo‘gﬁ’ﬁltl’ VepEOTKBiF fretiags: 3 l(‘f@i i} B aces
on the opposite surface of the glass substrate corresponding to the_ places
where tRe &5Ripgds @aﬁg@e}bgow%e WORSRISCS Hhageidgshown igFig. 31oapkas preiections disad 13p
hel p prevent the 20 fil mdeposited portions of the product portions | Id

f r om t ouchi Fegessesel IRoATABEY: @5 §1%°aﬁgbmat§a figuige plégsyatel jim gosidonst comespoading éa theoyed.
In this enbodinment, scribing is perfornmed on the surface of the glass
substrate dipsosienscand pitchef %FIW@MSI’HS éumed it theeshaving steprakbs top sptrsei ¢fl e to
perform scribing without being affected by the deposited filmin the

scri bi ng st te.prdistions/ B ar¢ leeel dend ssdurayl séppbrntierfilmd@potited-sstfadeacie of ppordstee t o
the scribed surface is shaved to form grooves at places corresponding to

t he scri bedpdrioess]lcTshosn mvEg. 2hdrst eyhiaf therdepbdited filimel bl AssSbeeubdhvedt andi s
not affected by the presence of the deposited filmlayer. This enbodi nent

i s descriobeekniived e Hde, asetit Boghoirting 18hichisvdd thsdughhe St@idnqfatiBhiRvbyghel Sutne
deposited filmis performed and then scribing is performed, 5 However,

since, as d@@g@ﬁ&dogéssa&owglymg than€ &S YisédOcdh@BitloRhllyM g @hik Qtate) seAdedainghared

grooves 15a and the scribed Iines 15a by the use of the controlling neans
menti oned akpwed by b sérfbidd &fdter 4 right above, as seen in the positional relationship shown in Fig.
22, the shaved grooves 15 formed on the glass substrate 11. Scribing right above the shaved
grooves 15 is achieved as follows. Relative to the edge A, by the use of a combination of a
15 well-known detecting means, such as an optical sensor, or a positioning jig, a means for
driving the scribing cutter 4, such as a ball screw or a timing belt driven by a servo motor, and
a controlling means, such as a numerical controller, scribed lines can easily be formed at
desired places on the opposite surface of the glass substrate corresponding to the places where
the shaved grooves 11a shown in Fig. 21 are formed. The recesses 13b help prevent the
20 film-deposited portions of the product portions 11d from touching the workpiece stage and
thereby being scratched or destroyed.
In this embodiment, scribing is performed on the surface of the glass substrate

opposite to the film-deposited surface. This makes it possible to perform scribing without

being affected by the deposited film in the scribing step. Moreover, the deposited film on



possible to performthe scribing step shown in Fig- 22 first. Next, a
fourteenth enbodi nent of the invention will be described with reference to
Fig. 23. The third enbodi nent descri bed above deals with the shaving of a
deposited filmand 10 scribing performed on a glass substrate having a
deposited filmformed on one surface thepeof This embodi ments deals with a
cutting nethod for a glass substrate having deposited filnms formed on both
surfaces thgreof. This e

odinment is dhe same.as.the thir nbodi nent .in
Chat o o1 acte Sttt Papet 16 e Vied heritrs SREL RorobB okt S oS RS
portions 21d.. A . i ece, stage .23 havin rojections 23).a and.recesses 23b
forned at pPaIE%%C“g?%%& oﬁhoﬂsl ?/‘gfggec%?pr é’ﬁ%ﬁ&gﬁl’f %lﬁsstsHésé@tJdB AeY %teg Ey ed in
bot h of the shaving and scrihjing steps. The . shaving of the deposited fil ns
i s perf or mePfeseHEE Pﬁ@e L9§B°58Fé ?‘h'%%l%kaf gmiqdigentJig qFP&VL?i’gattoﬂ% as 35t nons
23a and the recesses 23b forped as shown in Fig. 23, by first shaving the
deposi t ed f Whigh st Sisesteppf shavingghe depositpd{ilm is perfarmad andiihen prgibingds pesfromed. ed
films formed on both surfaces thereof, and then turnin? the gl ass substrate
21 upsi dé dHamewndinsrass drgcritisd aboved dpssisyetd cotroh wirere trefoompbes shazeds gnopegse .
Vertical alignnment of the places at which to form shaved grooves and the
pl aces at whYacdndtthe fcpbed Bugsiliedy itheness of thelxontroling freemssmemioachitevedt isedsi | y
relative to the edge A by the use of the controlling neans nentioned above,
In this enbosibleeoperfdarin thescpbmgistep shdven is Fepy @2 fitve deposited fil m on one
surface and then on the opposite surface and then performscribing on one

surface and t heiNet)atfdhiateophesbbdimsntrdfaldnvenfidn will bedaleribed atith, refetentsStodig 0
possi ble to shave the deposited filmand then perform scribing on one

surface and23 hernephitd emibaddifofaleloMbes bbpe debls Wit QP RRSidgCofSdIddpasifed i and '
descri bed above, in the enbodi nents descri bed hereinbefore , strip-shaped

portionso OfcriBindPRASinedbnlal d1d¥s Sfbsihid Bavifig HAERSHA fnt Rrh& KA SledtKicedh@eof
renoved, and then cracks for 5 cutting are fornmed al ong the exposed

Stri p- shapegs @aibediteRR dealdwathSa SithSd hRitd fbia Ltgtagsssmyate ihﬁvih% dBRSBddDfiIfst O
realize a cutting nethod and a cutting' apparatus that permt the cutting of
a formed on both surfaces thereof. This embodiment is the same as the third embodiment in
that a glass substrate 21 is divided into waste portions 21c and product portions 21d. A
workpiece stage 23 having projections 23a and recesses 23b formed at places dimensionally
15 corresponding to those portions is used in both of the shaving and scribing steps. The
shaving of the deposited films is performed, by the use of the workpiece staée 23 having the
projections 23a and the recesses 23b formed as shown in Fig. 23, by first shaving the
deposited film on one surface of the glass substrate having the deposited films formed on both
surfaces thereof, and then turning the glass substrate 21 upside down and shaving the
20 deposited film on the opposite surface. Vertical alignment of the places at which to form
shaved grooves and the places at which to form scribed lines on both surfaces is achieved
easily relative to the edge A by the use of the controlling means mentioned above.  In this

embodiment, it is possible to shave the deposited film on one surface and then on the opposite

surface and then perform scribing on one surface and then on the opposite surface;



gl ass substrate having any type of deposited filmformed thereon, froma
thin filmsuch as an overcoating filmor transparent electrode to a film
such as a polarizer plate or a deposited film up to |l to 2 mmthick such as
aresin filmor protective film wthout being affected by the 10 presence
of the deposited film It is to be undergyood that the present invention may
be carried out in any other manner than specifically described above as
enbodi nent s, and. t.hat . various, varjatiponsg an di ficati ons are.possible
whinthe SRR} sl RN R shilk B Beopfte St SR R R SH e
specificatiaon

| i quid t al | at f fabricati th
accor di ng tBurfaﬁﬁargin%%rﬁe%ﬁnaﬂsgg’gogg%gogﬂpggﬁ’%\%ﬁt Sflfl‘%%‘zef e?tranceat :)I 'f ﬁel S?avm' ﬁgrgns-

15 First, the liquid crystal panel of .a fifteenth enbodi nent of the .
vention will b&s eeégretm%@éavq, i @eteaa%Peimpmj-derFQhﬁelﬁ grﬁe%w-w%l@peﬁs] BOftieRowi ng
t he appearance of the liquid crystal panel of the fifteenth enbodi nent,
with the ob9bpdepasitediiinanmvids ay BgCessAy tonOrR ¢iasks aresiegieved 3 then qrapks fong
Fig. 25 is a vertical sectional view of the Iliquid crystal panel. This
liquid criyseefingaradormed@lang thorerposedostiar-shapgrhiegions on algdass substrase| | Is tiys vayand
351b 20 borided together with liquid crystal sealed in between (here, the
substrate célib pesshld ta realize aTATinggntbod atdea auttinghepparatesr thatrpefmie thebauttingf afrar ed

to as the "TFT substrate cell" also, the substrate cell '35 1Ib is a color
filter subsglasstsmbstrate having ane tyierdfdepositid filne fameéd thetewna§om hahihddnouch ad drer
substrate cell"” also). One end of the TFT substrate cell 35la protrudes

ftom one endvatoatihgefihwbotrankpdrére elecsodestt adil@ sael ds adfwldrizeoplate b degositdd fileh Ng
portion 35laa, and connection termnals 353 by way -45- of which the liquid

crystal pan@p td $ télRinvBhick sudhaisnedsiarfilinhg prove@ive i adtBod fbeingaiffected biidhe1g
portion 35laa. To these connection termnals 153 is connected an FPC

(f1exiblm ppiesdmel of Ehe EdpotidedORlMCOG (sClal e MHefikdASthatt tdtpreskdiRvedntiBn ImagUbed
crystal panel 350 is incorporated in a liquid crystal display device,

receives el ggtied GutSh dRpbtheAREnae hﬁﬁv%scisl&:ampl RYcrdRd ahSve! ds GtibddimRnfs! RE bt
panel 350. The liquid crystal panel 350 is designed for use in a backlit
liquid crystghoudisRki8d and modifications are possible within the scope of the invention.
In the following part of the specification, liquid crystal panels and apparatuses for
fabricating them according to the invention will be described with reference to the drawings.
15 First, the liquid crystal panel of a fifteenth embodiment of the invention will be described in
detail. Fig 24 is a perspective view showing the appearance of the liquid crystal panel of the
fifteenth embodiment, with the obverse side shown at (a) and the reverse side shown at (b),
and Fig. 25 is a vertical sectional view of the liquid crystal panel.
This liquid crystal panel 350 is composed of a pair of substrate cells 351a and 351b
20 bonded together with liquid crystal sealed in between (here, the substrate cell 351a is a TFT
substrate and will hereinafter be referred to as the “TFT substrate cell” also; the substrate cell
351b is a color filter substrate and will hereinafter be referred to as the “color filter substrate

cell” also). One end of the TFT substrate cell 351a protrudes from one end of the color filter

substrate cell 351b to form a protruding portion 351aa, and connection terminals 353 by way



device, and thus has pol arizer plates 352a and 352b bonded to the outer
surfaces of the substratecells 351a and 351b, respectively, alnost al
overtheentire areas thereof (here, the polarizer plate 3 52a is |ocated on
the side of the TFT substrate cell 3 5 1 a and will hereinafter 10 be
referred to as the "TFT-side pol arizer plgate cell” also, the polarizer plate
352b is located on the side of the color filter substrate cell 351b and

si de | ate
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pl ates 352a_and , have to. cover the di not.
shown), t haPoHgn %éfﬁeytl{]?a%%seoﬁmﬂ?‘9¥°fl8n Bm&se éulfs@&ﬁ?citeéilsgﬂlgéairgF’F ble pied and
arranged so as.to face each o h% ith the substrate cells 35la and 351b
sandwi ched PR OREOE (GHp phelasy qmtdw ¥4 diduidanrettal paadl 36 it HicerPartRddnent
however, the TFT-side polarizer plate cell 352a is extended so as to cover
the outer slffidcaysal dispdaypderiseudecsiyepsleetiigrsighals andaachipyes display enj e diguid
follows. The substrate cells 3 51 aand 3 5 1 b constituting the liquid
crystal panetysidl B0eldbe. each very thin, for exanple about 0.4 to 0.7 nmm when
formed of glass. Thus, while they have 20 increased nechanical strength
where they are b’blmzlbqhid ogetdh @andl 3 SAay designed efot Biee tnha bheidis diquid. arystal adisplayand
around the display area, the protruding portion 3 5 1 aa, where the TFT
subst rat e cdelice, 385 tbusahas npplajzpe plates B3da iasd 3524 bondedas thé our strdsed ofvthe
mechani cal strength. On the other hand, the TFT-side polarizer plate cel

352a i s abowibsflate ctlis 33.16 afdYB § 1ti, edspectingly,t dhinSsttalli SWkinh® ntire arcaX fefiof ¢drd, @he
reinforce the protruding portion 351laa. This is the reason that the TFT-side
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of the protruding portion 35laa, This increases the mechanical strength of

t he protroudbOgeraitib @6hd “PFTARie pOfarider phsiell” alshhd &Eﬁz_ek Fraw 3@29 [M8¢aadd qanel
is transported fromone place to another or assenb f liquid crystal
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is less 5 1likely to be cracked or deforned, or broken at a coner. The
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polarizer plates 352a and 352b, they simply have to cover the display area (not shown); that is,

they have only to be made substantially equally large and arranged so as to face each other

15 with the substrate cells 351a and 351b sandwiched in between. In the liquid crystal panel

350 of this embodiment, however, the TFT-side polarizer plate cell 352a is extended so as to
cover the outer surface of the protruding portion 351aa. The reason is as follows.

The substrate cells 351a and 351b constituting the liquid crystal panel 3SQ are each

very thin, for example about 0.4 to 0.7 mm when formed of glass. Thus, while they have

20 increased mechanical strength where they are bonded together to have twice the thickness, i.e.,

over and around the display area, the protruding portion 351aa, where the TFT substrate cell

351a alone appears and is as thick as it is, has low mechanical strength. On the other hand,

the TFT-side polarizer plate cell 352a is about 0.2 to 0.6 mm thick, and this thickness is

exploited to reinforce the protruding portion 351aa. This is the reason that the TFT-side



increased by leaving | mn or less as a distance h (see Fig. 25) between the
edge of the TFT- side polarizer plate cell 352a and the edge of the
protruding portion 35 laa, i.e., the width over which glass is exposed
outward. Simlar wi dths are secured between the other edges of the 10

pol arizer plates 352a and 352b and the-8@ges of the substrate cells 35la
and 35 | b. Mreover, the edges 352aa and 352ba of the polarizer plates 352a
and 352b arpolatizer plate ctlb haadis gxtendpdisq e toacover the outer swface ofithe pattrudwe pegon

thi nner and thinner toward the substrate cells 35l1a and 351b. Specifically,
t hese edges3352aallemidcrdsRh the ameshdnieahstdength afshe protradieg porticn B fled. oAs g tasvigd
surfaces by a |l aser radiating nmechani sm 420 or cutting nechani sm 460 15
provi ded i nwhénethk iliquiddcrestal gtaad] ip amasdpofted fiomadrenglackpioadnathes ot bdémbled lintba
described in detail later. This prevents, when the liquid crystal panel 350
i s transporiligd Edyaan disitaypderie, anratinels kit or @BpRIabihe rotAidngdpdriiciis 3 as [sysdsal

di spl ay device, the edges 352aa and 352ba (especially at coners) of the

pol ari zesr [eRtt6%e 3adeddNdeBERdY, bF BOKELItAGoAREINt accidental Iy, and thereby
prevents exfoliation. In a case where protective filns are forned on the

outer surfaces ofpe2QelfiRicBCkMédghf of P! SiStrRAd FoRtbnl 351haS Qana%_elt QrilfgcibAiyegr al

therewith, the above structure prevents exfoliation ofthosefilm from'the
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cells 351a and 351b. Specifically, these edges 352aa and 352ba are formed so as to have

inclined or curved surfaces by a laser radiating mechanism 420 or cutting mechanism 460

15 provided in the liquid crystal panel fabricating apparatus that will be described in detail later.

This prevents, when the liquid crystal panel 350 is transported from one blace another or

assembled into a liquid crystal display device, the edges 352aa and 352ba (especially at

corners) of the polarizer plates 352a and 352b from being caught accidentally, aqd thereby

prevents exfoliation. In a case where protective films are formed on the outer surfaces of

20 the polarizer plates 352a and 352b so as to be integral therewith, the above structure prevents
exfoliation of those films from the polarizer plates 352a and 352b.

Now, the preferred configuration of the edges 352aa and 352ba will be described. To

evaluate various configurations of the edges 352aa and 352ba, by using, as a representative,

the liquid crystal panel fabricating apparatus 400 of the eighteenth embodiment described in



angle of the side cutting edges of the blade 461) and the resulting
properties, i.e., howthe angle g affects the polarizer plates 352a and
352b and the substrate cells 351a and 351b. For angles from90' to over
135", the followng four itens were eval uated: the nechanical 10 strength of
the protruding portion 35laa , delta- shaﬁéd chipping in the polarizer plates
352a and 352b, exfoliation of protective filns, and residues of the

adhesi ve bofiettihlsteroeyeetiraenty were condistedatp sechqw yargiigahe shape abthp cutting edgeeof
polarizer plates 3352a and 352b. For different ranges of inclination

angl es g, t the bladsdbt obits euitngemeghaaisinche0 dds tyaioterdharging\blgdes|haviog G-ghdpédand one
of three grades, specifically good, fair, and poor. As shown in Fig. 26,
when t he i nghpeacitialanosaneftiongasighoiva in Eigsh&(ahm@éwi)) hffans the subs@dte celds 182"
good or fair proper-ties are obtained in all of the itenms. Thus, the
preferred comfisgbr aThexasulth atelskownledg.262aa and 352ba is form ng them as
surfaces inclined at an angle in that range, It is to be noted that the

preferred condi tFignd Bundiagidin dcherhdticaid OviX BRI feliBOiship FadPdneiBe iftlifARAS
where the edges 352aa and 352ba are forned so as to have inclined

surf aces. %%@kt@%ag&@omy polbifer UGRS3 53 4AA 3 SthshdRahA Fi Y see.f @6 rmﬁlﬁ

have curved surfaces instead so long as they have a vertical section t
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substrate cells 352aa and a may be forne any o materi’al  than
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substrate cells 351a and 351b and the polarizer plates 352a and 352b.  For different ranges of
inclination angles g, the result of the evaluation of each item was classified into one of three
grades, specifically good, fair, and poor. As shown in Fig. 26, when the inclination angle g
15 is in the range of from over 90° to 135°, good or fair properties are obtained in all of the items.
Thus, the preferred configuration of the edges 352aa and 352ba is forming ;hem as surfaces
inclined at an angle in that range.
It is to be noted that the preferred condition found out in the above experiments
applies in cases where the edges 352aa and 352ba are formed so as to have inclined surfaces.
20 Needless to say, the edges 352aa and 352ba may be formed to have curved surfaces instead so
long as they have a vertical section that becomes thinner and thinner toward the substrate cells
351a and 351b. The substrate cells 352aa and 352ba may be formed of any other material

than glass. Where fabrication efficiency is not given the highest priority, the bonding of the

polarizer plates 352a and 352b may be achieved by first cutting apart individual substrate



First, the liquid crystal panel fabricating apparatus of a sixteenth

enbodi nent of the invention will be described. Fig. 27 is a perspective
view schematically showi ng the appearance of the liquid crystal panel
fabricating apparatus of the sixteenth enbodi nent, and 10 Fig. 28 is an

enl arged view of a principal portion of the glass substrate. As shown in
Fig. 27, the liquid crystal panel fabricating apparatus 400 i s conposed
essentially of bed t own)  ..Servin s.a kpi ece stage whi ch a
Str b Shapets PR T 08 and BRNFhnaiRe it Ry PRLGSRIERE, Bt RS osiilatihal e
top surface .thereof is placed, and a novable unit 410 horizontally novable
over the bed*®**The novable unit 410 has a | aser radi ating mechani sm 420, a
wheel 15 cutter 430 for, scribing, and. a distance sensor 44Q fitted thereto
so as to protr uddowdiaHsEstal PRRGCePTIcatAR %P@grét%racmrfiwgttﬁéler’rwah%wwﬁ‘??r% 10.
The | aser radiating nmechanism 420 is a CO2 | aser device as used in a conmon
| aser cut t PHigPleHaphbrirateatini wid srystabpanes 350 Hiegasibpdabeve wdlk be lesgrbedrmdthnheel
cutter 430, as will be described later, forns cracks in the glass substrate
301 t o pér nfeferpncette thsedrawimgspdiaw theHiguizerystelepanel d50ds febgigatediwilhbeldesamhedr ul
of about 2.5 mm and has an obtuse cutting edge angle Wl of about 120 to
150" (see Fbpgeifigdly lasTthe wheel cutter 4' )0 is Supported through a spring or
air spring on the novable unit 410 so as to apply a predeterm ned pressing
force to the gl aSisst, thebguid atystaBPdnel Tdbeicatingt apparatus efiacixtéehth esbalithonofi tteensor
for detecting the displacenent of the top surface of the polarizer plate
302 on the plvesbnswiisbe alescrib@d. pFigced iora pbepdetite vaund stifemadlallyustRehidgd theeep
constant the distances fromthe | aser radiati ng mechani sm 420 and t he wheel
cutter 430 hgpetdaficet @pheslifiidagstlf panblefalidatifig Zffaraphsdfehe3fideenth bfibsdamiedtOdndi S
performed to stabilize the tocus of the |laser beamemtted by the |aser
radi ating rrprgh%\issameﬂi&%e@oﬁwtaasi;trﬁxbiipmipé&idnhﬁtheo%msamatfeorAesmrihwg. by the
wheel cutter 430. Incorporating these, the novable unit 410 is 5 noved at a

speed of abgliqRdQrfstl | fIBFi&RE 1t6400Ss LR RPPERB A 6f SRA]H1RR ich
to nove the mﬁe@lqﬁut er 436, h%gpleés to gégﬁ)the Iaggryradiaﬁiﬁg o)

mechani sm 420.ih$ 28 HRARPASHLe stage, on which a strip-shaped glass substrate 301 having a polarizer
plate 302 bonded on the top surface thereof is placed, and a movable unit 410 Horizontally
movable over the bed. The movable unit 410 has a laser radiating mechanism 420, a wheel
15 cutter 430 for scribing, and a distance sensor 440 fitted thereto so as to protrude downward.
These move together with the movable unit 410.

The laser radiating mechanism 420 is a CO2 laser device as used in a common laser
cutting/shaping machine, and emits a high power laser beam. The wheel cutter 430 as will
be described later, forms cracks in the glass substrate 301 to permit it to be cut apart. The

20  wheel cutter 430 has a diameter ul of about 2.5 mm, and has an obtuse cutting edge angle w1
of about 120 to 150° (see Fig. 29). The wheel cutter 430 is supported through a spring or air
spring on the movable unit 410 so as to apply a predetermined pressing force to the glass
substrate 301. The distance sensor 440 is a touch sensor for detecting the displacement of

the top surface of the polarizer plate 302 on the glass substrate 301 placed on the bed, and is



to yield a |laser output sufficient to cope with that speed. Next, the
operation of the liquid crystal panel fabricating apparatus 400 descri bed
above will be described. As shown in Fig. 27, the novable unit 410 noves in
the direction 10 indicated by an arrow D al ong the boundary between cells
on the glass substrate 301. Here, the |ager radiating nmechani sm 420,
radiating a | aser beamtoward the pol arizer plate 302, noves ahead of the
wheel cutte : ' 0 I j i,af.ed
wth the | ot kel mahBe BRI AN 0h O RBOBRLAP Bl A ald mEHRL
Substrate 3 SLriin: ped.reagion 311 Fol | ow.ng the
| aser radi a? l|}nrf%g Qrf}de@ﬁgegtlog %Eﬁ%g ,o‘}@-[?g[} °%§‘§%€+ﬁé§ §§:%t ?lglrls %gg&ﬁﬁgggorgfgkoggﬁlég
strip-shaped region 311 and forns there a crack 312 for uttin .

(her ei naf t eﬂ’er 8?%89? g}f]l?sc?r %a“éemgtgfiitbﬁzllfﬁlafeﬁéad%g’lngd‘}eck‘@ésé“ ﬂ—‘fog‘.mdztg)q“t.ab’lhﬁe i s
way, the crack 312 is formed al ong the boundary between cells on the gl ass
substrate 38%FSs! F%ﬁ?r&dﬁ’vﬁh%wgﬁglcﬂtéﬁ 4’|3§~ aAPpIPeRtiRg! Fsﬁethﬁlma‘yébléﬁb’éf"l“gtse 301
as required, the glass substrate 301 readily breaks apart along the crack
312, produceyed stqupreed P aont 2p% PO muysery whichiis H§APPERPTigia dPegd At ivddcl © t he
gl ass substrate 301, when the crack 312 is formed, it may immediately

devel op to Bausthetwheelguies43dybdeediess t3eay, the laseeeadiatipg mechanism 4%0gs suppesed! so,
the glass substrate 301 is cut apart along the crack 312. In practice, for
hi gher f abr icyielil adpserefutput sufficignt to beperwithetbatepeadi t 410 is noved horizontal ly
along all of a plurality of boundaries between cells to repeat the

above- descri bed Npey tiei qperatibn tohiehd liguid drystay phed] fptariveling afyraratast 400ydesbiibed
apparatus 400, then the glass substrate 301 is turned upside down, then .
scri bi ng i salpeefual bedescab&ld @G shben ieligr 3F tisd alevable iidies 19 mews suthstdiratteon301
by the use of the wheel cutter 430, and then the glass substrate 301 is cut
apart, 110 aindasrdbhanarraw[Dhlafig #erboufdady Betwleh dells b tdethsakistotrite 301 heHdérgver se
side, the above-described operation of the liquid crystal panel fabricating
S appar at us t1#0@set $a@ﬁfn§%é&%i§h Q00 Fadtafihg aSlagke bed 16@&AIthd POlaAke \ifate B0E,
liquid crystal panel' tabricating apparatus 400 is highly

moves ahead of the wheel cutter 430. Thus, the portion of the polarizer plate 302 irradiated
with the laser beam is melted and removed by heat, exposing the glass substrate 301 there so
as to form a strip-shaped region 311. Following the laser radiating mechanism 420, the

1S wheel cutter 430 moves along the strip-shaped region 311 and forms there a crack 312 for
cutting (hereinafter referred to as a “scribed line” also) (see Fig. 28).

In this way, the crack 312 is formed along the boundary between cells on the glass
substrate 301. Thereafter, when a load is applied to the glass substrate 301 as required, the
glass substrate 301 readily breaks apart along the crack 312, producing liquid crystal panels.

20 Even without a load applied to the glass substrate 301, when the crack 312 is formed, it may
immediately develop to cause the glass substrate 301 to break apart. In this case also, the
glass substrate 301 is cut apart along the crack 312. In practice, for higher fabrication
efficiency, the movable unit 410 is moved horizontally along all of a plurality of boundaries

between cells to repeat the above-described operation of the liquid crystal panel fabricating



effective in efficiently producing high-quality liquid crystal panels
because it prevents a glass substrate 101 from breaking at i nappropriate
pl aces and prevents a polarizer plate 302 from exfoliating accidentally
even when dealing with a glass substrate 301 having a polarizer plate 10
302 bonded thereto. The |aser radiating _ngchani sm 420 may be of any ot her
type than a C02 | aser device. The wheel cutter 430 may have any ot her shape
and di nensions.  The djstance sensor .y be .of ;any other. .type than
ouch eneo e foo; gt Rt TS SRfe a0 inThied Rnf Y A rastinig R pgfne
sevent eent h enbodi nent of t 5 inventign will be_described wth reference
Lo Fig 30. 4B 0% Hiedevertids of Gscdiasp SR OALY Hitse Ohihe st AR Ot LESh ve
the same purposes as in Figs. 27 to 29 are identified with the sane

ref erence ntfisedlash SubsHatg 30V &y W 3ptthg 1B aAasmuhsreaPolarieer pae 37 i apdedrplpato
applies also to the eighteenth to twenty-first enbodiments described |ater.
The sevent et Fevemsbdifiendhr abeverdeseribed r enieration of sheelinifh emiiddpanchifabirisatingat
the wheel cutter 430 is replaced with a gas spraying 20 nechani sm 450. As
shown i n SFi gppag@us 40Aes peofpaddealsprintthis 5@ehas, in the stage foll owing the

| aser radi ating nmechani sm 420, a gas sprayi ng nmechani sm 450 having a nozzle
451 through whi Ah dascgibed iaboeprtbe diduitlocriy$tel pdnel Patsicared appagitan 403 sl highlyt he
gl ass substrate 301. The gas sprayed through the nozzle 451 is, for
exanpl e, coefieceiss @refAtientdr praducingetigh-gaadity Bauid cstal puntls bgeande it pfelentd Dighass
liquid crystal panel fabricating apparatus 400 operates basically in the
same mannegutagatt Bal fiom brbskisd %t iaggpkdpriarsicrRd proeRs b PeRriadPlfe 302 from
operates differently therefromwhen formng scribed Iines. The difference

is as foll owsoliathg atasatallfeatn wh@rﬂiie%liﬁ&iwﬁth@@lis?%ﬂsﬁ&t‘éﬁolﬂ&i\iiﬁ’éﬁPgaﬁ&?lﬂﬁfﬂ sm
420 not only heats and nelts and there%y 5 renoves a portion of the

pol ari zeyy phed BondORthefdtd. Si Mul t aneously heats the strip-shaped region '311
exposed on the glass substrate 301 as a result, mking the strip-shaped

region 311 hot. The [aser radiating mechanism 420 may be of any other type than a CO2 laser device.
The wheel cutter 430 may have any other shape and dimensions. The distance sensor 440

may be of any other type than a touch sensor.
Next, the liquid crystal panel fabricating apparatus of a seventeenth embodiment of the
15  invention will be described with reference to Fig. 30. In this figure, such portions as have
the same names and serve the same purposes as in Figs. 27 to 29 are identified with the same
reference numerals, and overlapping explanations will be omitted.. This applies also to the
eighteenth to twenty-first embodiments described later. The seventeenth embodiment differs
from the sixteenth embodiment in that the wheel cutter 430 is replaced with a gas spraying
20 mechanism 450. As shown in Fig. 30, the movable unit 410 has, in the stage following the
laser radiating mechanism 420, a gas spraying mechanism 450 having a nozzle 451 through
which a gas is sprayed to the strip-shaped region 311 on the glass substrate 301. The gas
sprayed through the nozzle 451 is, for example, compressed air or an inert gas (such as

nitrogen).



The hot strip-shaped region 311 is then rapidly cooled by the gas sprayed
fromthe nozzle 451 of the gas spraying nechani sm 450, which follows the

| aser radiating nmechani sm 420. This causes the strip-shaped region 311 to
contract and produce a crack, In this enbodinment, this 10 crack is used as
the crack 312. Next, the |IC]UI d crystal panel fabricati ng apparatus of an

ei ght eent h enbodi rrent of the invention Will be described with reference to
Figs. 31 and 32. hte nt h adiyent differs fromthe sixteenth
erodi ment 1 n-t NES difeie GEF Tl HORHE HRAREAHS A0h P et T A
cutting nechanism 4 As shown in Fj ,, the novable unit 410 has,

the stage 15‘ab’ﬂeéc§d§"i‘?b of Hhe \iRdesnthe g Fg#lm&@todesaﬂm gbayg: Fuc RasTish difgently
conposed of a blade 461 that protrudes at predeterm ned angle relative to
the pol ari zéhereﬁoat &hgp formppg §cqlheéiulilrt95cr ¥he éiffe@%meus fagbfellews i r?g"eabﬁﬁr@?ﬂls 400
operates basically in the sane nmanner as that of the sixteenth enbodi nent
descri bed arasiated Fam tedaser aadigfingf meehanisyn 42hapepnlynbeatseandr awity iand) thesettyi ons
of the polarizer plate 302. The difference is as follows. 20 As the cutting
mechani s 468navey e gortibonfjthe pelahzanptite 02 butveeultanedusly teatstthestgp-alsaped tgstnr at e
30 1, a portion of the polarizer plate 302 is shaved off by the bl ade 461 as
i f by a woodlchipeedd on the ahds autstrite 30 hapeadsutte making 3Helstiis-sienppd sepibno3l 1t kve.

gl ass substrate 301. The waste strip 302a of the polarizer plate 302 shaved
of f is ejectraehalsaipgshaped rogiodlel ¥ tHen rifitily cobles by thdwasl spzaped tfidim Man6izle 451
fabricating apparatus 400, it is easy to formstrip-shaped -52- regions 311.
| n addi tionof the@asPrdyintOmeEeRani4S0) wabh FRW 1RSIasR kadiadinBRddRdhiseal2c5t rmaGt ur e.
This makes the control of the cutting depth and mai nt enance easy. Now,

exanpl es of 4 R& BbaPe- sﬂipe&t’%\N Uiltmagorﬁpbgﬁarfafprwu%e blcéa@ke 41§Jehmfellnbodqﬁe§le§,¢srl bed
with reference to Fig, - th a bl ade having a C shaped cross section as

shown i MoFi Grack B uded( Rhhe drickizizpossi bl e to shave the polarizer plate 302 with
a constant wdth. This hel ps

Next, the liquid crystal panel fabricating apparatus of an eighteenth embodiment of the
invention will be described with reference to Figs. 31 and 32. The eighteenth embodiment
differs from the sixteenth embodiment in that the laser radiating mechanism 420 is replaced
with a cutting mechanism 460. As shown in Fig. 31, the movable unit 410 has, in the stage

15 preceding the wheel cutter 430, a cutting mechanism 460 composed of a blade 461 that
protrudes at a predetermined angle relative to the polarizer plate 302.

This liquid crystal panel fabricating apparatus 400 operates basically in the same
manner as that of the sixteenth embodiment described above, but operates differently
therefrom when removing portions of the polarizer plate 302. The difference is as follows.

20  As the cutting mechanism 460 moves along the boundary between cells on the glass substrate
301, a portion of the polarizer plate 302 is shaved off by the blade 461 as if by a wood chisel,
and a strip-shaped region 311 is exposed on the glass substrate 301. The waste strip 302a of
the polarizer plate 302 shaved off is ejected along the blade 461.

With this liquid crystal panel fabricating apparatus 400, it is easy to form strip-shaped



stabilize the width ofthe strip-shaped regions 311 expbsed onthe gl ass
substrate 301. Wth a blade having a trapezoidal cross section as shown in
Fig. 32(b), in addition to the sane advantages as obtained with the bl ade
havi ng a C shaped cross section descri bed above, the cut surfaces of the
pol arizer plate 302 left on the glass sulstrate '301 are inclined. This 10
makes the pol arizer plate 302 less likely to exfoliate accidentally,

Mor eover, the.fri,cti . rt. t he 61 on_t e strip
3020 of & hel BismaPFborth st GE8H 58 BIHEE aibudth 360 PG AR Gl Sehleel
ej ection of the e strip..A2a.along the blade 461. Wth a bl ade having a
Thi & 8‘9%%63 C%“Erc’l &étsle Csuﬁtér\lﬁné)elpﬁl alelgér.lallg?’(agﬁe,eafyn addition to the sane

sem ci rcul ar S Secti on ,
advant ages as oht.ai ned t he .bl ad descri bed above, . the frjction.drag
?g %ﬁ 8?11‘ g‘? deseribadner

ith :
exerted by 15 tHNeVpPamR'esSf thshape ofithe; uttungr sdge 9630¢ Rlads,
reduced, and. the, bl ade 461 jtse]f n he produced easily. It shoul d be
not ed, howeV&R refersase torfaesiZ i pVidha Z?dlerhétj‘%ﬁscﬁhqpeii CEs Sectiom 3% shpw inpFig
smal ler width. Wth a blade having a circul ar cross section as shown in Fig.
32(d), iR adkpkilbis PessiblsetosHitre Apy Bolarage Plate 38BtvalnaFonstans width. bThigehaiRvi ng
a semcircular cross section described above, it is possible, by
addi ti onal | stailiza/thelwndsh of thetstiiprapedereiand Snh @osedronrthy glagsrsgbstiate It t With
edge, to use the whole circunference of the cutting edge for cutting. This
hel ps pr ol oadladkédaviog ki trapetdidad cofss séntioblaadbows in Fign 32(b),sinddition howeevsame i t
is also necessary to additionally provide a nechanismfor ejecting the
wast e stri padv@diagesidsobtairteti evith theibthde hyehgh (painped Etraky sectidn digerétepabate)sheof a
ni net eenth enbodi mrent of the invention will be described with reference.to

Fi gs. 33 tocdburfides ofithetpolarizdn ptr® QAL rmefhion-the gladi bdtstrate f300maré helineqyhtidant h
enbodi ment in that the cutting mechanism 460 has a nodified construction.

As shownoi Nmake. thé Polatibe pray 3bb geswnikkly4blexticitatd Aidentally. NOMBREVeNihe ridddh | n
t he stage precedi ng the wheel cutter 430, and, as shown in Figs. 34 and 35,

the cuttingdrafRedadibyheHbiRdd s ch thewastestripl AL S e DoRRderdfale 307 sHagarofdis a
predetermned interval v so as 5 to face each other and each having a
cutting edgedasd aThk petenitd GhodtheRBERILMEL WRRstHPO6R along the blade 461.
With a blade having a semicircular cross section as shown in Fig. 32(c), in addition to
the same advantages as obtained with the blades described above, the friction drag exerted by
15 the blade 461 on the waste strip 302a shaved off is further reduced, and the blade 461 itself
can be produced easily. It should be noted, however, that the strip-shaped regions 311 are
exposed with a smaller width. With a blade having a circular cross section as shown in Fig.
32(d), in addition to the same advantages as obtained with the blade having a semicircular
cross section described above, it is possible, by additionally providing a rotation mechanism
20 for rotating the cutting edge, to use the whole circumference of the cutting edge for cutting.
This helps prolong the working life of the blade 461. In this case, however, it is also
necessary to additionally provide a mechanism for ejecting the waste strip 302a.

Next, the liquid crystal panel fabricating apparatus of a nineteenth embodiment of the

invention will be described with reference to Figs. 33 to 36. The nineteenth embodiment



bl ades 462 and 463 at their bottom The blade 464 has a width equal to the
predetermned interval v, and thus serves to keep the bl ades 462 and 463)
constantly at the interval v. Between the blades 462 and 463 at their top,
a support nenber 465 is arranged that has, |like the blade 464, a width
equal to the predeterm ned interval v. % support nenber 465 is 10
supported by the novable unit 410. These bl ades 462, 463, and 464 and the
support mn%ﬁ?rs e ther eighieanth empadémentsin rihatethe pittingyimephanisme 460 bas 3 medfisdf or
easy replacenment. The liquid crystal panel fabricating apparatus 400

struct ured sstdstion.i badshabove Figogérthe apvilds unii# 1§/ hisrthe hetingmechmrismettOds t hat
of the ei ghteenth enbodi nent described above, but operates differently

t her ef r om vthetage ipoacedigg pizer wheahscutér 43 apd| ax sloen jpl Bige B02nd Thethd Sutting
difference is as follows. As shown in Figs. 33 and 36, as the cutting
mechani sm 4f€hamve60 Ahoanpainofinades 46y atibd6seerangeal dta poedeteningd agavaubstasat e
301 in the direction of the shorter sides thereof, first, the bl ades 462
and 463 suttodRardack oftfef bitt SdtApedn®Qrduttiy ke he aFUlHd@WéZ eahaﬂgeat&ua&a thosklext ,
the strip-shaped portion of the polarizer plate 302, thus cut apart, is

shaved of f gifRsabassd 46HAShERbG0ROL The tile 4akadle s 4adkn ea{m tb $hel SHERYEMinedS a
waste strip 302a, along the blade 464. 20 Sinultaneously, a strip-shaped

region on tiRe Gl 3S9nd RS el to Idp tRe EXRASAD: anl idd {:iﬂsﬁmﬁ%tﬁ IR0 iiRediani sm

460, the sane advantages as achi eved by the eighteen odi nent descri bed

above are a}?éuv@ et‘ﬁe blaes alfé? a(bu‘i QB3 atSth ??o tégg r}%‘éhtrﬁ epﬁgbﬁrﬂrﬁﬁée’[ﬁﬁ@at'kﬁs like

conposed of urality o ades, w dt h

stri p- shape %ﬁ%g abﬁvildg?e%tsewg'p@gd%te%%@ LGB0 AR B NANgEd, i P! Y

by |nterchang|ng reover en one o | ades

h t th | | J

widthe o tHEPLH ?ibét %rﬁéveaa ?@%r% B E%d%sél%?%ﬁ%‘ndc%s@ad T
runni ng és of q HB ves are eff ectlveh% reduced. Next, the
i d cry Smer i ity sam% wﬁ PRSI wS bk enboai rent o the

nven n [ 1 r ref.eren Th h
2m|3 o\éler‘r:aln'? d:N:c f E’li',hb§ehcﬁx? %r}!stb panel tg.brlc%.tlgg eap(p:a(.arattug) 40b structured ase dgs\évrelgtdl gtgove

operates basically in the same manner as that of the eighteenth embodiment described above,
but operates differently therefrom when removing portions of the polarizer plate 302. The
15 difference is as follows. As shown in Figs. 33 and 36, as the cutting mechanism 460 moves
along a boundary between cells on the glass substrate 301 in the direction of the shorter sides
thereof, first, the blades 462 and 463 cut apart a strip-shaped portion of the polarizer plate 302.
Next, the strip-shaped portion of the polarizer plate 302, thus cut apart, is shaved off the glass
substrate 301 by the blade 464, and is removed, as a waste strip 302a, along the blade 464.

20 Simultaneously, a strip-shaped region on the glass substrate 301 is exposed.
With this cutting mechanism 460, the same advantages as achieved by the eighteenth
embodiment described above are achieved. In addition, since the cutting mechanism 460 is
composed of a plurality of blades, for example, the width of the strip-shaped region 311 on

the glass substrate 301 can be changed simply by interchanging the blade 464. Moreover,



fromthe nineteenth enbodinent in that the pair of bl ades 462 and 463 are
given nodified shapes so as to reduce the cutting resistance to the

pol ari zer plate 302. Wen the bl ades 462 and 463 each have a single
cutting edge as in the nineteenth enbodi ment, cutting a thick polarizer
plate JO2 with theminevitably results imng4a high cutting |oad i nposed on
their cutting 10 edges. In other words, the cutting resistance to the

pol ari zer pL@gngeogr D P10 Ha owvhgqﬁ%ﬁeng BOtAcaL Rl by, 3%t © P

def ormed wh cut "or causes delta-s

cutting. To overc sho in Fi

37, the bl Sd&&Y z[‘%z‘”‘d 15T TR lFR o gfvﬁ B i EE%P"SF Ty dpd the rining; | o
flgure t wo) haV|n snal and smaller cutting depths in the
direction oico%m'{tl‘%ga‘ﬁsdﬁf’ﬁélv?siaéﬁ Ct‘Ye}%ref?ace irection indicated by an arrow

D). This reduces_the cuttjng | oad i nposed on each cutting and t hus
reduces the cuttNRY Phélsfiqgida"f%%altpér’?l abricafing pppapatys) %ftaet“ﬁet?th ﬁ‘&g‘?cli@e‘ﬂtlﬂf thhove-
descri bed problens | ess |i kel Next, the |liquid crystal panel fabricating

appar at us® ofnvantiaewill be |d?5§;f‘b Wi REFNCOHO Fige 37i nVehtwestiethj ambomese differped
with reference to Figs. '38 and 39, The twen first enbodiment 20 differs
from the ni femedatinetasnibdimhodiment in Hat therr@lrpasty bladgs 4p? anbdoneR sarrg medified e
replaced with wheel cutters. As shown in Fig. 38, the novable unit 410 has,
in the stagehjpeesseatitogeduce the lqetting essistapes toghe pol@izea platet 302 ngWhee Hertilasies 46D,
and, as shown in Fig. J9, this cutting mechanism 460 has a pair of wheel
cutters 466 amhd636acharavangsugle cattinglelge at inathp rrbmkedeathnemizdiménnt @rtirag a vhido as
to face each other, instead of the pair of blades 462 and 463 shown in Figs.
34 _55- and p3hrizeéfiptae 102i witlsthemdhevitebly irésultsinpasgh blténg load imipobelr onr theiticatiidre
cutting resistance to the polarizer plate 302. Here, the wheel cutters 466
and 467 B e e@ged enNinasth&rCwb@s Cihk tduilg 6dg&ancang| the \Walatirer tpifte 300G€ high, hfidMisS0 to
900 to secure a sufficient cutting depth while preventing the polarizer

plate 302 | efviteDihe pbRrigdr pfase S021810e a&sana&ﬂwm@mgd@ bt @lubdWeRLSHagendapding at a
cut 5 edge thereof The wheel cutters 466 and 467 are given a dianmeter u2 in
the range ofyt fhe @M &F cutting. To overcome these problems, in this embodiment, as shown in Fig. 37,
the blades 462’ and 463’ are each provided with a plurality of (in the figure, two) cutting
edges having smaller and smaller cutting depths in the direction of cutting (in the figure, the
15  direction indicated by an arrow D). This reduces the cutting load imposed on each cutting
edge, and thus reduces the cutting resistance to the polarizer plate 302, making the above-
described problems less likely.
Next, the liquid crystal panel fabricating apparatus of a twenty-first embodriment of the
invention will be described with reference to Figs. 38 and 39. The twenty-first embodiment
20 differs from the nineteenth embodiment in that the pair of blades 462 and 463 are replaced
with wheel cutters. As shown in Fig. 38, the movable unit 410 has, in the stage preceding to
the wheel cutter 430, a cutting mechanism 460, and, as shown in Fig. 39, this cutting

mechanism 460 has a pair of wheel cutters 466 and 467 arranged coaxially at a predetermined

interval v so as to face each other, instead of the pair of blades 462 and 463 shown in Figs. 34



to 10 nm to secure sufficient space for their rotation shaft, to secure
sufficient peripheral speed for fast cutting, and secure sufficient
mechani cal strength in the wheel cutters 466 and 467 thensel ves. Now,
suppl ementary descriptions conmon to the eighteenth to twenty-first 10
enbodi mrents will be given. In a liquid Q%ggtal panel fabricating apparatus
400 according to the invention, strip-shaped portions of the polarizer

pl ate 302 are av, of f and renopved hy a | ade or eel cutter. Meanwhil e,
if the bl adén%igl t h@%flit&‘é FStuifed Frﬁ?sﬂglastg @U@%‘ t rreg‘tcé\qge FBting registance fp e, g
edge of the bl ade or l.i ke chi or, the surface of the glass
substrate 3 p@'i”"rf’é)}’?%%wgc rl'?;f‘tr T Hg%?‘/”hé]éﬁ&&“s“ép And ﬁ'f%iaFF YR AR ﬁ?"ﬁg cutiigg edge
undesirabl e because it causes the glass substrate 15 '301 to break at an
unexpect ed preEie®24nthecangseaf fipay? QPG dn seqyrg 2 sufficignti cuping depthivehilgtpresientingnd,
inreality, between the glass substrate 301 and the polarizer plate JO2,

t here exitsthe polarizer plate 302défesn vke glassesubstiaed 3blofidm dxfrdiating geidestally Bhercef or e,
the cutting edge of the blade or the like is initially so set as to be

| ocat ed Vi t kdge théreofadibsiviies! katyees 4&0ardsioNate given £diameteha2 il the sange ubfbmat e
301, and in addition, in the mddle of cutting, it is nonitored and

control |l ed ky 16 mi t®e&dutd Quffi e SsPhcedfbO thel dobitioAtshafe |ty ,sedure kSfidiefOpdRipacrabl €
to use as the naterial of the blade a mterial that is harder than the

pol ari zer plsgde@ f0dst Rutting Al 8EduR@ BIf8ledt! AGhafisld Strémtein3Ad whdd1 Ruesdr§ Ubs shpped
regions 3)11 on the glass substrate 301 are given a width in the range of

froml to 3ysirempdikerably in the range of froml to 2.5 mm This hel ps
secure a sufficient effective area on the polarizer plate 302 in each

i ndi vidual 1iquigegr y@b@kmpﬁ&ﬁl 1de@?1gtiéx§6'coﬁﬁ{o'ﬁ‘: S HelGlihtedR kO tofelylid0
apart to be forned easily w thout degradation in quality. Thus, the

di mensi ops %b]gmem %ﬁg@%iv&heihiahﬁqu{hg sti1Pahd f?o%}caﬁxggﬁ%géaﬂﬂ'm ad@rdng A PE

achieved easily, Int I net eent wenty-first iments I n

par ti cul ar, oy SGhL Wi LEd W BIKEDe e pBIEEIES I 10 PO B oPhAIER A0 AN

463 or wheel cutters range stated above. reover, to

permt the WRal & \%é’ei &%te%o%@ea%tvhhgqf 2 lbf%'a% 6Fthe ﬁ)ll(é'sl Pegch?ég %esgrl]aas\s/ (sauq)st%tfe 36?, tﬁ)ee

cutting edge of the blade or the like may chip, or the surface of the glass substrate 301 may be

scratched. Such a scratch, in particular, is undesirable because it causes the glass substrate

15 301 to break at an unexpected place and causes degradation in its quality. On the other hand,

in reality, between the glass substrate 301 and the polarizer plate 302, there'exits a very thin

adhesive layer that bonds them together. Therefore, the cutting edge of the blade or the like

is initially so set as to be located within the adhesive layer so as not to reach the glass

substrate 301, and in addition, in the middle of cutting, it is monitored and controlled by a

20 position sensor 440. Alternatively, it is also possible to use as the material of the blade a
material that is harder than the polarizer plate 302 but softer than the glass substrate 301.

The strip-shaped regions 311 on the glass substrate 301 are given a width in the range

of from 1 to 3 mm, preferably in the range of from 1 to 2.5 mm. This helps secure a

sufficient effective area on the polarizer plate 302 in each individual liquid crystal panel, and



ej ected snmoothly wi thout accumul ating on the blade or~the |ike, the blade or
the like is coated wth Teflon (R) or dianond to prevent the wastes 2a from
adhering thereto. This prolongs the working |ife of the blade or the liKke.
A liquid crystal panel fabricating apparatus according to the invention nmay
be 10 structured in any other manner than specifically described above as
enbodi ments, and many variations and nodgfications are possible within the
scope of what is clained as the invention. For exanple, the glass substrate
301 and the %oLariz

er,.plate 302 are borided t.ogether with.any type
adhesi ve, eREMHF 8r'§°1fsn3c1? 85 ! c?ﬁ%ﬁo té?ct%weidce-a“g?wg{‘]quit Q%@Bﬁ%é‘dw&%&es%‘&. In
the nineteenth to.twenty-first diments in particul ar, the polar.izer
bl'ate 305 | GemuBio R s, blake br HEIE e be SHFrSbartingy o, s oon B ALl o
to select a type of adhesive that gan egsﬂly be shaved off while offering
sufficientl ‘?Sﬁﬁrleﬁ BREERD o H¥ent-HErh embotipEps Ab Partishlar Gy setting the igterval v
advi sabl e to bond a protective lamnate filmon the surface of the polarizer
pl ate 302, brwegidhe paihefbladsy 46%dhA0A @r theel suiera 464 and 463 harange siaipdibeys.
products are shipped, it is possible to renove nolten particles and cull et
(fine gl &ss par tMereeserutoeRermtidhe wWheis 8tripss3QRatof tkepalerizee platsrd 2Ghaved offiiofbece.
In the enbodi nents descri bed above, the novable unit 410 noves relative to
t he bed; al tjestehsmaathly withhet dseumutatingtym thebledsrontiab like, tiegdddeer thei likie is trategl ass
substrate 301 placed thereon, Next, how the |liquid crystal panel 350
descri bed ewithiTeflon R) @ldiamatded pdogventhihe wasteola &oml adhening thergst alThjsgmelbngs
fabrication apparatus 400 as descri bed above will be described in detai
-57- with rekergkinglife of thedlade anthadike. Fig. 40 is a perspective view show ng
t he appearance of a glass substrate of which the liquid crystal panel 350

is formed, Fig. Alliqusd &rystalepavielefibrising apph@als! dccsimei g tHehRivbitipui chag ryest al
panel fabricating apparatus with respect to the glass substrate, and Fig.

42 is a 1ver ithikAlredSiAGhY QfRE Mahedl tRin HbaAEHIFIRsG LS LbR s 3fnbsdimkhts, MAahaly on
of 5 the liquid crystal panel fabricating apparatus, Fig. 43 is a
per spect i veyaHa8¥hsSIA@Wdatidahi6ns are possible within the scope of what is claimed as the invention.,
For example, the glass substrate 301 and the polarizer plate 302 are bonded together with any
type of adhesive, examples including common acrylic- or silicone-based adhesives. In the
nineteenth to twenty-first embodiments in particular, the polarizer plate 302 is shaved off by
15 the blade 465, and therefore it is advisable to select a type of adhesive that can easily be
shaved off while offering sufficiently strong adhesion to produce acceptablé products. It is
advisable to bond a protective laminate film on the surface of the polarizer plate 302, because
then, by removing the protective laminate film when products are shipped, it is possible to
remove molten particles and cullet (fine glass particles used when glass is cut) deposited on
20 the surface. In the embodiments described above, the movable unit 410 moves relative to
the bed; alternatively, the bed may be made movable together with the glass substrate 301
placed thereon.

Next, how the liquid crystal panel 350 described earlier is fabricated by the use of a

liquid crystal panel fabrication apparatus 400 as described above will be described in detail



appearance of the glass substrate, with the TFT-side' surface thereof shown
at (a) and the «cutting positions on the color-filter-side surface thereof
shown at (b). Here, as representatives, the liquid crystal panel
fabricating apparatus 400 of the eighteenth enbodinment (see Fig. 3 1) is
used, and, as the blade 461 of its cuttigg_mechanism 460, a blade 10 having
a cutting edge with a trapezoidal cross section (see Fig. 32(b)) is used

i he d ]
gl ass subst P %éaie% 8y 992’% B Tatd P pfistlleinf SBRap PRppoBeriy B8

substrate 30la I. ubs ate ond et her. This

gl ass substg1 2¥e s %f)a? I?g W% Clb qﬁrﬁqui@)?ryéﬁ ‘Pﬁ“\els}égs?r ff&edggil$ S%Sis side View
andaplurality of colorfi.lter substrate | I.s. 51b arranged adj aceritto one
anot her in %{%affl? if2|ly RRoviBS ﬁ’stlkqg&%rfm@éméeiﬁabé%wwﬁra withrrespeet fgLhe 2lp%s cel |
51 a and a color filter substrate cell 5 1 b is sealed |liquid crystal.

Mbr eover , t B08tRe Gae Eie- 43T arwticapeqtivpal e oftheglast substrats afeicthe eerates fr
filter substrate 301b, a TFT-side polarizer_ plate 302a and a

col or - fi ISt ethedianid prosstal panelr fabrisating agpazasus Fig.e€hisc iPorspsptivo it showing theo
cover all the TFT substrate cells 5la (Fig. 40). The TFT-side polarizer

pl at e 302a appdaranps efothe glass pubsirats,i wish pladl FFTsuWe spifatecth8Goh shvamneat (2 and the
protective filns laid on the outer surfaces thereof Next, the glass

substrat e 30iftings pokiiord amn thme:okmedlterf-sidMesurﬁacmitdereasﬁ/shmn pané€). f aBerec adsi ng
apparatus 400, with the TFT substrate 30l aup, Then, the novable unit 410 is
noved i n onepresénteives, othe( liquid herystalr aiel ofabticudling adppdranys 4he off tigw e@hteenthi gs.
3) | and 18) fromone edge of the glass substrate 301 to anot her al ong.one

U of the nehbulihyntfsee Fid 61) ivassddand, esthblbladélds] of its cuttifg8nechsism K6 .a blaide
bet ween adj acent TFT substrate cells 35la. As a result, a portion of the

TFT- side prdvaiZttingledgewiBD2 tapesoiddlay®e setibn Qe F@emb)':}dseusé@l and a
strip-shaped region 31 la (see Fig. 42) is exposed on the TFT substrate

301a. Subsequentgibst ak e Wheed of WhicktheRfid &y&ewﬁ% a9l SgisdsRusshared
region 311 ato forma scribed |ine 312a (seé Fig. 42). 5 Thereafter, the
gl ass subst 5@tig pRBdrell ShatR\Behpbded veh Phir QPRAMIFY swbdtRieB 032 BRI b 28IBE ke RLBRAre
301b bonded together. This glass substrate 301 has a plurality of TFT substrate cells S1a
and a plurality of color filter substrate cells 51b arranged adjacent to one another in a grid-like
15 pattern. Between each pair of a TFT substrate cell 51a and a color filter substrate cell 51b is
sealed liquid crystal. Moreover, to the outer surfaces of the TFT substraite 301a and the
color filter substrate 301b, a TFT-side polarizer plate 302a and a color-filter-side polarizer
plate 302b are respectively bonded so as to cover all the TFT substrate cells 51a (Fig. 40).
The TFT-side polarizer plate 302a and the color-filter-side polarizer plate 302b have
20 protective films laid on the outer surfaces thereof.
Next, the glass substrate 301 is placed on the bed of the liquid crystal panel fabricating
apparatus 400, with the TFT substrate 301a up. Then, the movable unit 410 is moved in one

direction (in the direction indicated by the arrow D in Figs. 31 and 18) from one edge of the

glass substrate 301 to another along one Ul of the mutually parallel boundaries Ul, U2, . . .



so that the above operation is repeated al ong the boundaries U2, U3, ..
successively. Next, the glass substrate 301 is rotated through 90 within a
hori zontal plane so that the above operation is repeated along the

boundaries QL, @, ... (see Fig. 43) perpendicular to the boundaries U
U2.... to formscribed lines 312b (see Fi?; 43). 10 Next, the gl ass
substrate 301 is turned upside down, and tThe above operation is repeated on

the color filt strate ,301b. re, however, the operation.is _.per ned
Nt orent | y et Bl ARG Enraginen T Shr Wﬁéﬁskﬁra%sea 5162 ragiop o B

is perfornmed. not .onl n the ndari es ee Fig. 43) betmeen
thepcol or fF‘F? a?la%gfafea@ 3%?‘}%6 eéfkst %4% én4 bété‘f’egaprefid?&‘°‘bﬁ)lplés(§?ee to

t he above-nenti oned boundarles u, uz2 but 15 al so al ong the boundari es
W, we, . . Fig #Zdeexpoged ophe FEFﬁP‘h‘&aﬁSé’Pé‘H cjubseguerly. the wheel sugerdBa inmarsd
di stance from those boundaries Vi .. In order to form protruding

portions 352laag theligp;shaped f?ﬁ&%?blllét@fﬂm asseibeddingdi2ad s¢erFipd).di recti on (in the
direction indicated by the arrow D in Figs. 31 and 41) from one edge of the
gl ass sulfstrat e B@teafler, tlzmgi@&séubmambolt is enaved tlahsiatondiy Withindarorieental plane
alternately, in the order VI, WI' V2, W. ... . 20 As a result, portions of
t he col or - f 5¢ thetrths algheye ppéramonzmreg@atad eloﬂg)ﬂlb banslasibaV2dHf f . dnycdsheely blMeeke, 461,
and strip-shaped regions 311c and 311 d (see Fig. 42) are exposed

al t er nat el y tiengliss substfateo301f isl rotatedsthfifieh 30e wahiha horEsEA pRidk sy, thithee wberl
cutter 430 is noved along the strip- shaped regions 311c and 31ld to form

scribed |inggerstibACis déatdd AbngS8E bEUMdaris2Q1, Qher eafstekig. ugﬁpgkzé}ﬁ&uﬁﬁ%rtﬂ@te
301 is rotated through 90 within a hori zont al plane SO - hat t he above

operation i gomaRgATAdUAl Ongo ?Jﬁﬁ LA GAES ASb fsek Figl . (see Fig. 43) between
the color filter substrate cells 351b, which are ocated ri ght opposite to

t he abovg- nenti (o) SGld Hatis( see
Fi g. 43)ﬁ)Then Ogggrg%upgggab& tggglﬁgtﬁBﬁi gﬁdJQB e8§|§§§m§hﬂ§??ate ?01 to

cut it apart szlt%d;'g?L He co%r $fifet RELtaien 5163 l%%?e th%w%vérzﬂw &}epatlgﬁ‘iig %e%m?edTFT

substrate cél color filter substrate
differently from when performed on the TFT substrate 301a. Specifically, it is performed

not only along the boundaries V1, V2, . . . (see Fig. 43) between the color filter substrate cells
351b, which are located right opposite to the above-mentioned boundaries Ul, U2, . . ., but

15 also along the boundaries W1, W2, . . . (see Fig. 43) running parallel to and at a
predetermined distance from those boundaries V1, V2, . . . in order to ’form protruding
portions 351aa. Thus, the movable unit 410 is moved in one direction (in the direction
indicated by the arrow D in Figs. 31 and 41) from one edge of the glass substrate 301 to
another along the two kinds of boundaries alternately, in the order V1, W1, V2, W2, . . ..

20 As a result, portions of the color-filter-side polarizer plate 302b are shaved off by the
blade 461, and strip-shaped regions 311c and 311d (see Fig. 42) are exposed alternately on the
color filter substrate 301b. Subsequently, the wheel cutter 430 is moved along the strip-
shaped regions 311c and 311d to form scribed lines 312c and 312d (see Fig. 42).

Thereafter, the glass substrate 301 is rotated through 90° within a horizontal plane so



cell 351b. At this tine, the portions 354 (hatched in Fig. 42) of the color
filter substrate 301b (including the color-filter-side polarizer plate
302b) | ocated between the scribed |ines 312d and the scribed Iines 312d are
removed as unnecessary portions. This produces, in each pair, the
protruding portion 15l1aa in the TFT substPate cell 35la. Lastly, a COG or 10
FPC is connected to the connection termnals 353 formed on the inner surface
of the pr othatutherboywoorperatinn 3brkpeatdédoalpngotiie beudaded THUR2] . cr (s8¢ &Alg. pAnHtwESs0 as
an end product (see fig. 24). In the liquid crystal panel 350 fabricated in
this way, t e coler{fitedmbpodtatdliz 851 plvetich arelldcatedFidht bpposite foathél elsbvasndnaoneaver

al nost the entire outer surface of the TFT substrate cell 351a 15 including

the protrudbfghd@eesiQ10Q2351 a8 foangcrithe likel3ape {skd Figr49i de pol ari zer plate cell
352b is so bonded as to cover alnpbst the entire outer surface of the col or

filter substratergsl hs BgdiRed, a Mad eOMPlied tle Fals §ibdRatPOb PIJ &Rt Bh@bRNE el
352a and the color-filter-side polarizer plate cell 352b are so cut as to

have, at st Ngdribe® 18831324381 RNk PaZDES a TRE!sLBRMAreSHI133¢£8nd W LOBr (i & LB Gatd NE
rising angle of the side cutting edges of the blade 461. Mreover, the width

wi th 20 whighsdjfge XFT}H§§?‘%{ h%t;ﬁ)rter\d?:lsl%@?? clﬁdng-‘i%%gab?:ﬂ%r odide! fifr sﬁfgﬁ?ﬁﬁe{) ate
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24).
In the liquid crystal panel 350 fabricated in this way, the TFT-side polarizer plate cell
352a is so bonded as to cover almost the entire outer surface of the TFT substrate cell 351a
15  including the protruding portion 351aa, and the color-filter-side polarizer plate cell 352b is so
bonded as to cover almost the entire outer surface of the color filter substrate ;:ell 351b.
Moreover, the TFT-side polarizer plate cell 352a and the color-filter-side polarizer
plate cell 352b are so cut as to have, at their edges 352aa and 352ba, inclined surfaces which
reflect the rising angle of the side cutting edges of the blade 461. Moreover, the width with
20 which the TFT substrate cell 351a and the color filter substrate cell 351b are exposed at the
edges on their outer surfaces is equal to about half the width of the bottom cutting edge of the
blade 461. Accordingly, by adjusting the shape and dimensions of the blade 461, it is
possible to obtain a structure as described above that offers the desired mechanical strength of

the liquid crystal panel and the desired resistance to exfoliation of the polarizer plates.



both of the lateral and l|ongitudinal directions (X and )directions),
Dependi ng on the order in which the glass substrate is sectioned, however,
the followi ng problemarises. Now, how this problemarises will be
described with reference to Figs. 44 to 48. First, as shown in Fig. 44,
when a gl ass substrate 301 having a polarjizer plate 302 bonded thereto is
sectioned in the 10 X direction, a movabPR unit 410 having a cutting
mechani sm 460, conposed of, for exanple a bl ade 461 to serve as a gl ass
substrate exposiNgdlEnk 5% olbe Jiguts Bystal wershifakrieting appveptuss 400rf ey gtherhe X
direction to shave off and renove the polarizer plate 302 and_sinultaneously
per f or m scr ¢Bpadiment hag theeightpentisembodiment may be usedtofeirisate ke liguidergstalpangls
shaved of f to expose a strip-shaped region 311, a scribed line (a crack

al ong whi ch35c0dDYGBQ sampsepregedareas describedmboavel 5 al ong the mid line on the
strip-shaped region 311. Then, as shown in Fig. 45, the novable wunit 410,
havi ng t he bl addndi@dntilty, Ivdwea leigetfhemanigash sebstrater is 480 apdrs inbm weliividual iqaidY
direction perpendicular to the X direction in the same nmanner as in the X
directiof taysigpaaelsfifi tlinavayy thewuging lopeqatibradéscabedpibai e nd8&iR tavd performed in

si nul taneously performscribing. In this cutting nethod, the blade 461 is
run in fronbothbf thedatevabaild lengifudinakBfctidiBi(X dw8Re8irdctio)s SD&ehdihg of e cipart a
20 gl ass substrate having a polarizer plate bonded thereto in a period of

time roughl i vaetedhe tgfasé Bibstrite MEsettasmed, Mo e, ﬂle%l%@viﬁ%?@.bm' atis6dIt NG hapart a
gl ass sheet. However, as shown in Fig. 46, when the ade 461 is noved in

the Y dir ecinisqiloblBRaRSRGHR BE Abscibed With fefdrbReth Fighem 1348, fRFFBd sRvinqys! y i n
the X direction, the cutting edge of the blade 461, which is pressed

agai nst t he4stiHeRa HIAPSbsirRE50N Ak LPolihRr PRS2 HRRtALEo16dectiGid in the
collides perpendicularly wth the shoul ders of the cracks (scribed Iines
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perform scribing. Then, at the same time that the polarizer plate 302 is shaved off to expose

a strip-shaped region 311, a scribed line (a crack along which to cut apart) 312 is formed

15 along the mid line on the strip-shaped region 311. Then, as shown in Fig. 45, the movable

unit 410, having the blade 461 followed by the wheel cutter 430, is moved i'n the Y direction

perpendicular to the X direction in the same manner as in the X direction to shave off and

remove the polarizer plate 302 and simultaneously perform scribing. In this cutting method,

the blade 461 is run in front of the wheel cutter 430. This makes it possible to cut apart a

20 glass substrate having a polarizer plate bonded thereto in a period of time roughly equal to the
time required by a step of simply cutting apart a glass sheet.

However, as shown in Fig. 46, when the blade 461 is moved in the Y direction

perpendicular to the scribed lines 312 formed previously in the X direction, the cutting edge

of the blade 461, which is pressed against the strip-shaped region 311 on the glass substrate



Thus, when the polarizing plate 112 is shaved off and renoved, it is

advi sable to run the blade 461 in such a way that it does not cross the
scribed lines 312 forned previously. A cutting nethod that avoids this
problemw || be described below with reference to Figs. 49 to 5 1. First,
as shown in Fig. 49, the wheel cutter 438 for scribing is retracted, and 10
the novable unit 4 10 is noved in the X }Fection with only the bl ade 461
pressed agaj nst t.he glass. substrate 301  That is, when the novable unit 410
i s moved i n3%h&OBHG; R%RPP?‘BW“?W@H& shouldegs qfjthg craghse(s &heéﬁﬁni%%%lf%%g@oz is
shaved and renpved to forma strjp-shaped region 3 11 but no scribed line
312 is fornis@bing ¢ A 8 respltias shaypiad’is &di ba hqwg.cw&kweneh@awbmt the,cqrpgys, 150,
the polarizer plate is shaved and sinultaneously scribing is 15 performed
in the Y di ttdbe frops etiqn detyyeas thegyiwg diaes or, ap ghawn in KigeS, ibhenstingdeage of Bed
earlier. That is, strip-shaped regions 3 11 and scribed lines 312 are
formed. Herbladet Hel enayr ehipodtder i Bbid shoiterssthahworkinghéfepof and blade pl6dy ¢hetddd i s
going to be shaved, i.e., in the strip-shaped regions I |I | formed when the
novabl e Gni incéddng\vdie mmniegl costs, tahe alko diegraddsi thel ghality tdfiehd liquad ctyisvab panehds89. t he
bl ade 461 can snoothly shave the glass substrate 3 )O 1 without colliding
Wit h scri beThds] when the Poladrlzng plaet3ll is shavedofidndirembved, it isladvishtilotd fe thel thgie 461
retracted this time, only the wheel cutter 430 is run along the

st ri p- shapegbirig@hdnsway tha if dvesBst e thetsbebedmadl 12 fuhdd ptdkousgs noved in the
X direction for the first time so that scribing is perforned in the X

direction of thg cghiag metdaThdtai6idSehls hrobleR WIISEE baefbddi fatw wiR réfereasdioeve
cutting. In this way, by -62- perform ng sectioning in the X direction, then

in the Y di Fl%?.t@_qg 51aNekrsk NRRKdWh M8 g XodiHeG ek CoLttel B3 f&%crﬂfiﬁkﬁrs rettddfeQUEHA Wi th
i ncreased opération time, it 1s posSible to greatly prolong the working

line of 1bhethl8'n?o@§b1§ﬂﬁit§f6‘|§{?ﬁ&éﬁ 'i‘x?th‘él%hi'kéc}'noﬁ’(uith%%w ﬂhQBiaGe 2@%@%&%9@%& the! N @

case where nore tinme 1s allowed, 1t I1s also possi'ble to s e pol ari zer

plate 5 30gla§s@u54?§te>§oa}ndg%tqg, rvﬁﬁh itl%r}ﬁoxfaiofe%fnittﬂ Ofig) H@vé& fni tHe m%r{ 2 .kh%ns

311 in both®directions an

first time, the polarizer plate 302 is shaved and removed to form a strip-shaped region 311,
but no scribed line 312 is formed in this strip-shaped region 311.
Next, as shown in Fig. 50, the polarizer plate is shaved and simultaneously scribing is
15 performed in the Y direction of the glass substrate 301 in the manner described earlier. That
is, strip-shaped regions 311 and scribed lines 312 are formed. Here, there are no scribed
lines where the polarizer plate 302 is going to be shaved, i.e., in the strip-shaped regions 311
formed when the movable unit 410 was moved in the X direction for the first time. Thus,
the blade 461 can smoothly shave the glass substrate 301 without colliding with scribed lines
20 312
Lastly, as shown in Fig. 51, with the blade 461 retracted this time, only the wheel
cutter 430 is run along the strip-shaped regions 311 formed when the movable unit 410 was
moved in the X direction for the first time so that scribing is performed in the X direction of

the glass substrate 301 to form scribed lines 312 to achieve cutting. In this way, by



then performscribing. Alternatively, it is also possible to separately
build an apparatus dedicated to the shaving and renoval of the polarizer

pl ate and anot her dedicated to scribing so that the two processes are
performed separately. 10 Industrial applicability Methods and apparat uses
for cutting apart a gl ass substrate, |quid crystal panels, and apparatuses
for fabricating a liquid crystal panel according to the present i nvention

are useful _in technical I i.d ¢ di.s devi ces.
15765 LAl WRSTOMIRE prkgnie @?dirhrfﬁm& o e S g phei @ﬁ%ﬁérsﬁt@nca s
bonded toget liquid c sealed.in betmee and w i.zer
pl ates bond8d 'ﬁoor@%t BF F*ae*é%eaa? PRSI TR oF 4° BETIRLS 1o, R ﬁwe%leof
the pol arizer plates_are so formed as to have a vertical section that
becomes t hi Werkng dpgokthe plads and spBange thequality et the figuid gryptal papel. The | qui d
crystal panel according to claim1l, wherein the edges are inclined at an
angl e |arger thdmagese Where mare timgrigalowadajt iy 350 peesitle foyshave thetpslasigercpiate
surfaces of the substrate cells. 3. The liquid crystal panel according to
cl ai m 2, SwhReh rthe ¥randa¥ ldaregsions &icst ity forfi $trip-sizaped Iregiahs G 1 ombeth dingeticns ewd of
t he polarlzer plates so as to be integral therewith. 4. The liquid crystal
panel accortiemgerfamciaibingl, Atkmatvely,ait i§ elas tpossitde endemfatdnduid anhappsuatist r at e
cells protrudes fromat |east one end of the other of the substrate cells
so as to f odedicatettothe shivirg fariemoval of ciergaddrizemplate ahdran@the dagicated tooderivdag ch
the liquid crystal panel is driven is forned on an inner surface

so that the two processes are performed separately.

10 Industrial applicability
Methods and apparatuses for cutting apart a glass substrate, liquid crystal panels, and
apparatuses for fabricating a liquid crystal panel according to the present invention are useful

in technical fields related to liquid crystal display devices.

15



of the protruding portion,

an outer

or less inward fromedges of the substrate cells.

63

CLAIMS

1. A liquid crystal panel composed of a pair of substrate cells bonded
together with liquid crystal sealed in between and with polarizer plates bonded to outer
surfaces of the substrate cells,

wherein edges of the polarizer plates are so formed as to have a vertical section

that becomes thinner and thinner toward the substrate cells.

2. The liquid crystal panel according to claim 1,
wherein the edges are inclined at an angle larger than 90° but not

larger than 135° relative to the outer surfaces of the substrate cells.

3. The liquid crystal panel according to claim 2,
wherein removable protective films are laid on outer surfaces of the polarizer

plates so as to be integral therewith.

4. The liquid crystal panel according to claim 1,

wherein at least one end of one of the substrate cells protrudes from at least one
end of the other of the substrate cells so as to form a protruding portion, connection
terminals by way of which the liquid crystal panel is driven is formed on an inner surface
of the protruding portion, and the polarizing plate so extends as to cover an outer surface

of the protruding portion.

5. The liquid crystal panel according to claim 4,
wherein edges of the polarizer plates are located Imm or less inward from edges

of the substrate cells.

and the polarizing plate so extends as to cover
surface of the protruding portion. 5. The liquid crystal panel
according to claim4, wherein edges of the polarizer plates are |ocated |

mm



